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WELLBORE CASING 
Cran Reteenee Tb Related A^eati^ 

Tfaisspplieationdaimatlkebeneaof Uief^ Pn>vi8ioxial 
Patent Applicatiim Serial Niunber 6Q|/111,293» attomcgr docket nnmber 25791.3, 
filed on 12m998, the diadosure ofirtiidi SB incoE^ 

Backgramid of tiieliivmtioii 

Una invention relatea ganeraPy to wePbore caainpir and In partjimiyy 

weJbora caaingB that mm fiwmed nting^f ^f^^mULit PA m g. 

Oonven tion a H f» iriien a welDiorB is creatad, a number of wurf^ ^ 
5 installed in the bOTdioIe to praventdd^^ 
nndarited ootflow of drillmg fluid ^ 

fimnatbn into the borehole. Thebordioleiadiilladinintervabvriierefayacami^ 

which ia to beinstaDedinatower borehole interval iabwoedtlm^^ 

installed casingof an vQiper borehole tntervaL As a ocaiaeqaence of this procedure 

10 the casing of the lower interval is of amaHar dlamotoramn ttw nkmr\g ^^f 

intervaL Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuH are pirovided bet 
suzftoes of the caaingB and ^ boidide waU to eeal the casings from the boi^^ 
walL As a eooaeqwnoetf this nested arraBSsment a relate 

16 diameter ia required at the upper part of the wellbote. Sudi a large boidole 
diameter invohm inanaaed costs due to hea^ caaing handtmg e(^^ 
drill bits and increased vohimea of drilfing fluid and drill cuttings. Moreover, 
inereaaed drilling rig time is inched due to requited cement pu^ 
hardening, required equipment changes due to lai;^ variations in hole diameters 

20 drilledin the oouzse of the well, and the laige volume of 
removed. 

The present invention is directed to ovarc omin g one or more of the 
limitations of the eiisting procedures fc^ fbnmqg new sections of casing in a 
wellbore* 

25 Simunary of the Invention 

According to one aqpect of the present fanrention, a method of forming a 

Weflbore casing ia provided Aat im^hiAmm hiMiplKng a tnhnlAr ItW ^ j ^ mnn^ iyH 



!nthaborrty?tfS ^^^r^Tlgffai jl^<^™**™^ mfa>«ife hm'eaM^ and radially ftxpandi^ 

the liner in the boteIu>le by eztnidii^ 

Aoooiding to another aspect of the present invention, a method of fonnmg 
a wellbora casing is provided that indudes drilling oat a new section of the 

tiMnj^aoed into the new' section ofthebordttde with the tttbi^ 
an alzea^^eadsting casing. A hardeosbleOaidic sealing material is it^ected into 
ownnlftr mgiftn hftt^rem thg talrfllflr liner and the new aection of the borehole. 
The annular region between the tubular Mner and the new section of the borehole 
10 is th gn finidicly isolated from an interior re^on of the tubular Hner bdow tbe 
niandreL A non haxdsnaUe fhxidic material is then izgected into tibe interior 
regionofthe tubular liner belowthemandreL The tubular liner is extruded off of 
the mandrel. The overlap between the tubular liner and the already existing 
pawfng is sealed. The tubular liner is supported by overlap with the already 
15 existing casing, 'Rie mandrel is removed from the borehole* The integrity of the 
seal of the overlap between the tabular liner and the already eristing casing is 
tested. M least a portkn of the second quantity of the hardenaUe Ibiidk 
materialiaremovedfromtbeinteriorofthetubuiariiner. Theremainizigportions 
of thp fin W** ^•I'Han fhiiiliV ttftftttug matmal ate cured. At least a portion of 
20 cured fhiidichaidenaUe sealing materia] within the tidi^ 

According to r^^*T aspect of the present invctttlon, an iqipaiattta ibr 
>yp yT^^iTBg a tiibular member is provided that indudes a siqiport memtor, a 
mandrel, a tubular member, and a shoe. ThB8iqnPort™>i^l^°^c^^^^^^^ 
passage. The mandrel is oot:q>led to the support member and includes a second 
26 fluidpassage. The tubular member is coupled to the mandreL The shoe is coupled 
to the tubular liner and includes a third fliudpassage* The first, sec ond and third 
fluid passages are operab^y cou{rfed. 

According to anot^w^ aspect of the present invention, an apparatus for 
f-rjinnHing a tubulsT member is provided that indudes a siqiport mendber, an 
30 ^y pff ^ d^K^ inimdT^\ a trfnilar mgmber, a ahoe, and at least one sealing member. 
The support member includes a first ihiid passage, a second 
flow control vabe coupled to the first and second fluid passages. The e xp a nd able 
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mandrdiscoopledtcitfaeaiCT^ 

tubular xnamber as ooqded to tte mandzd and indttdeg odb at more 
elements ThedioekcoD]iiedtofhetubfidar]iieii^ 

passage. The at leasfc one aaaJing member is adapted to jaevent the cutty of 
5 foreign material mto an interior ropan t^ ^^. tnhn^ f mmrp}^ 

According to another aapectrf the weaent inymtian- a mathod nt ^w^r^g 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the se^ 
member, is provided that indudes poaitiomng a 
10 of the second tiibalar member. A portioo of an interior region of the second 
tubular member is pxeasmrized and the aeeond tttbolar mendier ^ 
the mandrel into engagement with the first tuboUv member. 

According to snother aqpect rf the present invention, a tubnlar liner is 
provided that inchides an annnlar member lutving ^ 
16 at an end portion of t he armnfar member, and one or mnre p rm m iiT^ w^ij^pnfflftgiQfi 
at an end portion of the anmtlar member. 

According to another aspect of the prsaent inventiiin^ a toJUw^ w>rf« ^ j p 
provided that include s a tubular liner and an «i™iii«i> body of a cured fhiidic 
sealing material The tubular liner is fiitmed bv tha proeaM of Mtoniitig fK^ 
20 tubular liner off of A mandrsL 

Afioording to another aapect of the present invention, a tie4»ft^ 1^ 
lining an czistmg weDbore casing is provided that indoto 
annnlarbo^y of cured fhridir flealing material The tubular liner is formed by the 
process ofextrudingtbe tubular Hner off of a mandrel The amralar bo^y of a 

25 cured fluidic sealing material la eaujpSad to the tnKiiliiii Hr^^r 

Aocording to another aspect of the present invention, en qjparatus for 
cjjmding a tubular member is provided that hudi^ a support member, a 
mandrel. atubuiar member andashoe. Ibesqsport member inchidesafirrt fluid 
passage. The mandrel is coupled to the support member. The mandrel ww^iitHwa 

30 a flecond OwA peasngB operah^ ooi^Ied to fhe fizst floid passage, an interkn- 
portioB. and an ettnxor portion. 11» interior portion oTthaiiiandMl is driUa^ 
Tha tubiilar member is eotodedtothenuaidreL The shoe ia coupled to tbetnbalar 
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member. The shoe mchtdftB a third fluid passage opecrabtf ooupled to the second 
fIuidpa8sage»flninteriorpoitioxi,8ndanezteri^ Tbe interior portion of 

thashoeisdrillable. 
Brief Desociptlofn of the Drnwii^ 
5 FIG.lisa&agxaentai7crofiMectaanalviewiUu5trat^ 
section of a well bordiole. 

FIG* 2 isafragmentazy cross*aectionalviBwiflaBtratingtheplBrement of an 
embodinient of an apparatos for creating a caang within the new section of the 
well borehole. 

10 HG^SismftagmCTtaiy croas-aectional view ilhiatratingtiieiiucctionrfa 
first quenti^ of a haidenaUe fhiidk Bealing matfltial Into 
mil borehole. 

HG. 3a is another fragmentasy cros9*sectkinalviBwinu^^ 

of 11 first ^^^^^ q hflwt^mtatito niiMit* awaling tiMiterial into the new aectkai of 

15 the wen borehole. 

FIG* 4 is a ftagmentaiy crosa-eectional \dew illustratiiigthe hjectiGa of a 
fiecon j qnantily frf b wi^<iKift fhiirfiA Bftftling matArial into the new flection of the 
wdlbordiole. 

FIG. 5 is a firagmentazy croas-aectional view ilhistratizig the drilling out of 
20 aportionoftfaecuzedhardenablefhiidieeealingmaterial 
theweQborebofe. 

FIG. 6 is a cross-eectional view of an embodiment of the ovorlappingjoint 
between a^iacttit tabular memb^Sw 

FIG. 7 is a fragmentaiy cross^sectional view of a preferred embodiment of 
26 the apparatus fi>r creating a casing within a wdl borehole. 

FIG* 8 is a fragmoitary croes-sectional illustration of the placement rfan 
expended tubular member within another tubular memb er. 

TIG. 9 is a cross-sectiGnal ilinstration of a preftxred embodiment of an 
apparatus fcNT ibrmiug a fgp^g tnrhidTPg a driUable mandrd and dioe. 
30 FIG.9aiBBnotiier cross-sectional ilhistratfamoffheqvAntas of FIG. 9. 

FIG. 9b 18 another croas-sectional ilhislntion of tiie apparatus of FIG. 9. 

FIG. 9c is another cross-Bectional OhistratiDnof the ^iparatos of FIG. 9. 
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FIO. 10a is a crom opctional ilhiBtEatinia of « wrfThrw^ iwi.i,^ft^ ^ p^^j^ ^ 



TIG. 10b is a cn^awectkmal aimtrattop rf an ^ipmiiiii aw^ method for 
creatiiig a tie- h«rt liner uaing an e apmHWhlcr tubular member. 
5 PIG. 10c is a croa»fleetimiii i ni w Bf rBt im of the pimping of a fluidic sealing 
material into the ananlar between ^ 



Fia lOd ia a CT>BB^ednfinft? il h igt r ationof thepreattgiringof the intetior 
of the tabular member below the mandrei 
10 no. lOeisacroifreoctkaialilhietnrtionoftbeerlz^^ 
member off of the mandrti. 

FIG. lOf iBacroBe.BectiimalilhietndSanrfflieti 
out the shoe and padar. 

no. IQeris a oon-eectianal flhutration of the completed tie4»ck liner 
15 created wing mr% mvp^r^^^ip fai^wW tnmK^ 

FIG. 11a isafiragmentaiycroeMectional View il^^ 
new eection of a wen borehole, 

FIG. llbisa&Hgmoitarycww-eectfonelwewilhistra^ 

an embodiment of an apparatus fbrhaagnwatubularfinerwtt^ 
20 oftheweUbonifaole. 

FIG. Uc 18 a firagmentazy oroeeHSclional vi^ 
afirst quantity ofahaidenafateflnhBffBPeHn^ 
weU borehole. 

FIG. lldiaafragmentaiycroee-oecttonAlidewilhiatrati^ 
25 of a wiper dart into the new aectkmrf the well boi^iote. 

FIG, lie IB a fragaentaiy rmwn eortfaiiel vfewUhiattating the iqjection of 
a second quantity of a hmri^mahu fltiMiV milmt materiel into the now ooctlan of 
the well borehob. 

HG. llfieaihigmeDtarycgnBn fwrltond view flhistniting the completion 
30 of the tubular Imer. 



Detailed DeJCi'iption ct the nkMtimtive Embodlinwitg 
An apparatus and metbod for fimning a weUbore casng within a 
subterranean formation is provided. Tbe apparatus and method permits a 
wellbore casing to be formed in a sobterranean formation hy placing^ a tubular 
5 member and a mandrel in a new section of a weDbore^ and then eitruding the 
tubular member off of the mandrel by preasurismg an interior portion of the 
tubular member, llse apparatiiB and method ftarthsr permits adjacent tobu^ 
niembers in the wellbore to be joined using an overlappi^^ 
and or gas pasBBge. The iqipazatos and method fttrtherpendta a new tubular 
10 mend>er to be siqtportedbj an existing ti±ular member 1^7 eip^ 

tubular t"""^ into engagement with the eomting tubular member. The 
apparatus and method ftirther Tn"*^*»<*^ the redaction in the hole size of the 
mllKijiie Aftjmg Tipf^*flgitfltftd by iMiHitMm of n«w aeetimia of weMbmne caang. 
An apparatus and method for forming a tie-back liner using an eipandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member offof a mandrel by 
and intmor portion of the tubular member. In tMs manner, a tie-back liner is 
produced. The apparatus and method fbrthar permits s^iaeent tubular inex^^ 
iD the vroObore to be joined using an overlapping joint t^ 
20 gas passage. Tbt apparatus and method farther permits a new tubular member 
to be supported by an existing tubular member by frrpandtng the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for oqpanding a tubular member is also provided 
tbyit- includes an expandable tubular member, mandrel and a shoe. In a preferred 
26 eml MM^™*r n^ th« itttmW pnrtinfnn of the apparatus i« flompoaed of materials that 
p mnit th^ mtgrinr portinnA to he removed umg a convgntiopal drilling apparatus. 
In this manner, in the event of a malfanction in a dombote regkm, the appa^ 
jnay be easily removed* 

An ai^aratos and method for Hanging an expandable tubular liner in a 
30 weUbore is also provided. T3ie apparatus and method permit a tubular liner to be 
attached to an existing section of cssing. The apparatus and method further have 
application to the joining of tubular members in generaL 
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Befectiagisituqjrto Figs* l-5« m wnhodhniynt of an ^yparstua and matl^ 
&r fimmng a wdboTB casing within a eubtmaaeaa fbnnation wiU now be 
describecL AaiIIu6tntodinF|g:l«awdlborelW 

ftmuitianlOS. Tha weUbore lOQ iarfiAa m «««t}tig «>a-^ ->^i>p i haTing g 
5 tubular casing 115 aindanaiinnlar outer 1«3W of 

In order to cgteud the wdlbore 100 into tha aufatarrmfian 105^ 
a drill string 126 ia uood in a wbU known mazmer to drill out material finm the 
subterranean &nnation 105 to fimn a new aedion 130. 

As flhistrated in Eig. 2, an aRparatus 280 to fcn^ 
10 a Bubteiranean formation 18 theppoaytiopedin the new'SBc^ 
100. 'Hie^iimrataaSOOprefiErabllyfaidndesanazpandablamandrd 

tubular member 210» a shoe 216. a kmer aip acal 220, an XTO^ 
fhiid passage 230, afhiidpa88age235, affaiMpa88ag8240» 8^ 
member 2G0. 

16 ThB e xpand able mandrel 205 is ooiqded to axul aiqsported by the support 

member25a The e gpandaWft mandrel 206 is pr^erab^ adiqited to controllabb^ 
eagsand in a radial direction. The espandable mandrel may compriae any 
number of conventional eprnmewaaqy apailnMA awpit^^My mn mrwlifift^i tr% 
accordance with the teaddnga of tha present disdomre. In a preferred 

20 embodiment, the fgpairfahlft mandftl aOSeompriaaaahydr^^ tr^l an 

diadoaedmU^ Patent No. 6,8«,095, the cententaofiffaicfa are incorporated 
herein by refereniae, modified in aoeozdance with the teadiings of the present 
disclosure. 

nietubularniember210i88upportedbythee»pandabkmandrel205. The 
25 tubular member 210 is espanded in the iadialdirecti<m and extn^^ 

expandable mandrd 205. m tubular member 210 may be Ikbricatedftom any 
numbo^ of conventioaal commereiaUy available matariala such aa, for exan^, 
Oilfield Q«ntiy Tabular CtoodsCOC^ or 
plastic tubingteasing. In a piefemd eoibodiment. the tubular member 210 is 
SO fabricated from CXTTG in order to innTfrniTO strmgth mf^mr mw j^^ ^j^ Theinner 
and outer diameters of the tubular member 210 may range, &r exnmplep ftxim 
approximate|y0.76to47inchesandl.06to48faidj^ Inapreferred 



embodimffnt, flm inner and outer diametani of the tubular member 210 range from 
about 3 to 15JS inches and 3^ to 16 indiefl^ respedavetjr in order to optitnatfy 
provide mintTnal tdesooping effect in the most command drilled wellbore sizes. 
The tnbiilar member 210 preferably comprises a aoCd member. 
5 In a pfef en- ed embodime nt, the end portion 260 of the tabular member 210 
is 8k>ttad,paforated, or otherwise modified to catch or dow down the mandxel2^ 
when it oompktea the extrusion of tubular member 210. In a preferred 
embodiment, the Imgtfa of the tabular member 210 is Hmxted to minimize the 
possibQity of budding. For typical tabular member 210 materials, the length of 
10 the tubular member 210 is preferabtrlixnited to between ab^ 
in length. 

The shoe 215 is coupled to Oie ej^endable mandrel 205 and itie tubular 
member 210. The Aoe 215 indudes fluid paasage 240, The shoe 215 m^y 
oompxise ai^ number of conventional commeraally available shoes such as, for 

16 ezample,Siq)erSednfloat8hoe,SuperSeainDown-JetfloatsboeDragui^ 
with a sealing sleeve for a latch down plug modified in aoooidanoe with the 
teadiingsof the present disclosure. In a prrferred mmhodiment, the shoe 216 
ocm^xiEea an ahmunom down-jet guide dsoe with a sealing 
phig available from Halliburton Energy Services in Dallas, TX, modified in 

20 accoidancewitfathetf«rhing»oftheprBaBntdiack>Bnre,inorderto 

the tubular member 210 in the wrilbore^ optimaUy provide an adequate seal 
between tlie interior and exterior diameters of the overlapping jom 
tubular members^ and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In aprrferredCTibodiment, the shoe 215 includes one or nmre through and 
aide outlet ports in fluidic communication with the fluid passage 240. In this 
maimer, the rftoe 215 optimally iQjects hardenable floidic aeallngm wterial into the 
regionoutsidetfae shoe 215 and tubular member 210. In a preferred embo diment , 
the shoe 216 inchidea the fluid passage 240 having an inlet geometry that can 

SO reoeiveadait and/or aballBeaUngmember. In this manner, the fluid passage 240 
can be optimally sealed offbyintxoducxngaidug, dart and/or ball aealing elements 
into the fluid passage 280. 
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1%e lower cap BCBl 220 isooaplfid to andsupiwM 
250. Thelowerci98ed220pxeveat8ibraig&zit^^ 

regfam of tte tabular m«Bhcr 210 m^j^ie^t tim mwjp^M» ^ymdrri 205. Hie 
lower dtp fieal 220 Btty ooopffiflB ao(y' number of conventioiiat conunexdally 
6 available cup eeale eocb as. for ezan^ TP cciis, or Selective IqjeetiDn Packer 

(SIP) CUDB modifiad in acearAKPtm wifli tfm ttmt^mg^ ttf^j m ^ ^n X tfinftlfwuro. In 
a piefisiied embodiment, tbe lower cup aeal 220 conmriaaeaSIP enpeaal^ ot ^^oKV 
&om HalliburtQnEneq^ Services in Dallas, TSinoidertaoiiimmlli^bk^ 
material and contain a bo^ of iubxicant. 
10 TheuppercupiBal225i«coiqiiedtoandiapportadl|yt^ 
250. The iipperaq> aeal 22S|arevent8fa^^ 

regkm of the tubular member 210. Tbe upper cup aeal 225 may comprise ai^r 
number of conveptional eomm ercially availahla cup flaak mch f^r iww»pT» Tp 
cups or SIP cnpe modified in aooordanee with the te«:hitigB of the present 
16 diadosuze. b a piefoted embodiment^ the upper seal 225 amiprisea a ^ 
ciqi,avaflabteftomHamyurtonEnerayBenA»m 
block tbe entty of fazrign matexials and eontain a bo4y of lubri^ 

The fhiid paaeagB 230 pennita fhidic materials to be tranq)o^ 

framthg intgrtor ggginn il^>faiK»1o^,,,i««^Viir ftl ft lioln»*lwi^ ^ T"f Tifl flfl 

20 205. Tfaa fhdd paanige 230 ia couplad to and positioned witbin the aqyport 
member 250 and tbe eaprndabiemandgsi 206. The flnid passage 230 pieflsrablr 
eztoads firmi a positkm acUacent to the auifaoe to Oie bottom 0^ 
mandzel205. l^ielhud passage 230 iajav&zabljrpQfiltbi^ 
the apparatus 200. 

25 The ifaiid passage 2S0iapreferafa^adaeted, in tbeeasingrumi^ 

operation^ to trangpcrt materialfl sudi aa drflliiig tmi^ ttr foTrmi tio n fhrida at flow 
rates and presaures ranging from ahgmt o tn a^nnn panfttw/fninutft and 0 to g,000 
psi in order to mhiiTni w drag on the tubular member hesng nm tmA fcn mmmiiro 
nrgeprasnzBaexertedonfheiraUboreYA]^ 

30 and lead to hde collapse. 

Thefiuid passage 235 permits tbiidie materials to be releaaed from tbe^ 
passage 230. In thla manner, during plaeementoftheappaxBtua 200 witfam the 



new sectum 130 of fbe iveUbare 100, fiuldie materiiilii 255 lisreed tip the fluid 
passage 230 cm be xdeased into tlie wellboxe 100 

therrty iHiniiniringfgiiy p ressuTOonihe wd^ 130> The fluid passage 

235 is oQiQiled to and poationed within the support member 250. The fluid 
5 passage is further fluidictyocnqded to the fhikipeBs^ 

Hie fluid passage 235 pr^isEabltr incbdea a control mho for oontndlably 
qpeninganddosiDgtfaeflQid passage 235. InaprefarredCTnhodirpept, the control 
valve is pressare activated in order to eontroUably Tninlmlff? sci^ preaaures. The 
fluid passage 235 ispreteaUy positioned BubatantialfyorthogaDaltoti^ 

10 ofOie apparatus 200. 

The fluid paaaage 235 is preferab^ selected to oimvey fhddic mate 
flow ratos and pressures ranging from about 0 to 3,000 gaDon^minute and 0 to 
9»000 pai in order to reduce the dragon the apparatus 200 daring insertion into 
the new section ISO of the wellbore 100 and to minimixe surge presanres on the 

15 new wellbore section ISO. 

nie fluid passage 240 permita fluidie materials to be tranqiorted to and 
fircHn the r^on eactarior to the tubular meuiber 210 and dice 215. The fluid 
passage 240 is coupled to and positioned within the dx>e 215 in fluidie 
commonkation with the interior ve^on of the tubular meoiber 210 below the 

20 eipandable mandrel 206. nieflnidpaa8age240pzeteabltf haaaciosa-aectional 
shape that pennito aphv, or odier similar device, tobe p^^ 
to thereby block fiurtber passage of fluids materiala. Inthi8manner» the interior 
region of the tubular member 210 below the expandable mandrel ^5 can be 
fluidid7isobtedflomtlieregionexteriortothetubularxii»nber210. Tbispermits 

25 the Interior region of the tubolar member 210 bebw the expandable mand^ 
to be preaaorized. The fluid passage 240 is preferab^ positioned aub a te ntiaH y 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epories at flow rates and pressures Tanging fiomabo^ 

30 to3|000gaUonateinuteand0to9,000psiinorderto<qitima^ 
region between the tiflralar member 210 and the new sectiim ^ 
100 with fluidSc matertala. In a preferred embodiment, the fluid passage 240 
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i p c h i d es an inlet geometiy that can recan« ■ dart and/or b ball ■«>aH«g member, 
b Ois maxitiv, IJie fhud passage 240 can be BBBbd offfay intn^^ 
aodAir baU sealaig dements Into fi» flaid panage 290. 

The seala 245 are cocq>]ed to and nii^xuted by an end portion 260 of the 
5 tiibolarnember210. The8eal8S<6anto(]ieriW8itiinedonanoiit8rsciifiic8265 
of the end portion 260 of the tabular member 210. The seals 246 permit tbe 
Ofverl^iping joint between the end portion 270 of the casing lis and the portion 
260 oftbe tabular member 210 to be flnidlcty sealed. The seals 245 Du^caaprise 
any nomber of oonTentional comniecdaQjr railahle seals sodi as, for example, 
10 lead, rul*w,TBfl(m. or epov seals modiltad In accordance with OieteadiingB 
thepxeeentdiaelosure. lnaprefi»ndembodiment)fheseaIsS45«remoldedfhnu 
Stratalo^^pogQTsmilaUefaunHamiNirtinEzttigjrServj^ 

to optimal^ provide a load besring intetibrence fit betweoi tiw end 260 of the 
tubular member 210 and the end nftha gntMng Mmwy up 

15 InapiefiaTBd em b od im ent, tte seals 245 are seieeled to cptimal^pnmde 

a sufficient fiietkmal film to support OeaqiaiidBd tubular m^^ 
existing casmg 115. b a pivfemd embodiment the fiiciaoDal force qptimaUy 
provided by 1^ seals 345 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimal^ siqjport the eopended tubular menber 210. 

20 7^ support member 250 is eoopled to the ej^Mndahleniandivl 205. tubular 
member 210, shoe 215^ and aeals 220 and 22S. The tappatt member 250 
prefersbly comprises an amralar member having snffieieDt strength to carry the 
apparatus 200 into the new section 130 of the weDboie 100. In a preferred 

embodiment, the mqjport member 250 farther iDctades one or more conventional 
35 cantralizeni (not nhutrated) to he^ stabilise the apparatus 200. 

In a preferred endKKiiment, a quanta of hibriamt 276 is provided in the 
amnilar r^iion above tiie eaqiandable mandrel 205 witUn the interior of tiie 
tuhulBrmember2ia ]iitfalBmBnner,4heednisionertfaetnbalarmember210aff 
oftheexpBndBWemandwl206li6dlitatBd. The hibriant876 may comprise any 
80 number of cwiwntlonal conmeidaay mflahle hihriantn an A fa.. m,«^^ 

LahrMat^efalniMbMedhdirieaat^oflbMsdhdKleantsorCa^ 

(3100). In a preferred enhodhnant. the faibrieaiit 275 eonqnises C3haax 1500 



Antfsiege 0 100) mnaUblB from CI imftx T a ihri cants and B pripm imt Co . la Hongton, 
TX in order to op&aaSHj provide optizxnim lubrication to &c3iate the expansion 

ppociflwi. 

5 prior tff affmmf^^^y tft tilff rfrpriningpnfrtiniiB thg apparatna 200- In ihiK manner, 
Che intn yd w ?t^O" of ft^g " material into the qsparatua 200 is mimmized. This 

valves of the appaiatoa 200. 

In g prfff g»Tff 1 fm^ hn^*™^ , Mnrm nr mftmr p rwitinTifn gthe qi psrataia 200 
10 mthintbenawsectkmlSOofthemllboic 100,aeoii|^ofv^^ 

dioilated in order to ensure that no fiaresgn materials are located within the 
iveDbcre 100 that nd^t dog tip the varioos flow passages and vahres of the 

Bpparatns200 and tP mimrP ttwit m -m^tiirtnl irrtarfianeft with thft flrprnfrim 

process* 

15 AailhistratedinFig. 8» the fluid pa8ssge285lsfliep dosed andahardmahh 
fliiidift m»fl^^g mnimrM aPS im theft pumped from a aurffaes locatipn into the fluid 
pa6S&ge2S0* The material 306 ttien pesaes from the fluid passage 230 Into the 
interior region 310 oTthe tubular member 210 below the espandsble mandrel 205. 
The material 305 Chen passes from the interior region 310 into the fluid pass 

20 240. Tlse material 806 then cxito Che vparalxm 200 and fiUa the 81^ 
815 beimen tbe exterior of Oie tubvOar member 210 and the inte^ 
new section 130 of the weilbore 100. Continued pumping of the material 905 
cmaes the matorial S05 to fiU up at least a portion of the azmular regto 

The material 305 is prefi»rab|y pumped into the annular region 316 at 

25 preflsoreaand flow rates ranging, for esample, fnmi about 0 to 5000 psi and 0 to 
1,500 gallons/iinin, respectively. The optimum flow rate and operating pressures 
vary ss a function of the casing and welllxne siaesp weDbore section length, 
available pnmp"* g j^gn^pmwnt and fluid propwties of the fluidic material being 
pumped ^jeopttmnm flow r ate and Qperating piooBu re era pieferablydBteimined 

30 using eonventional empirical methoda. 

Tht h Tit amh U ihiMiii Mftatlng tHAtaTMl AOS may comprise amr number of 

conventionsl commercial^ available bardenable flnidic sealing matariab sadi as. 
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for emnple, da^ mix, esmffit or epo^r. In a pre fe i ied embodiment, the 
hardmnhlft flnadic aealfDg material 805 cominiaea a Ueoded cement piqiaxcd 
apedfittJ^sf for the i»rtic^ 

Services in Dallas, TX in order to profvide optimal BO^^ 
6 while also Tnmntainhiy mtmmm flow eharagbirtoipe an mn tA ininiwn>a diffii«MTf i^e 
during the f Bspl ftc emfrn t of cement in tiw amrn larregioD 315. Theoptiimimbleiid 
of the blended cement ia pre&rab^ dptermmed uriag conventional enqrizical 
metboda^ 

The ammlar reipon SIS prefisrabtr is filled with the material 305 in 
10 ai ifBrient miitntiti<»« to aumje thmt^ npnn «irK«l mwj^^Afim tTihnlnr mcmbor 

210, the annular regkm815 of flieMfraectkalSOorthaivell^ 
with material 805. 

&i apgrtiealarjy iirefeired emhodimmt, aa iDoatrated in Fig, 3a, the wall 
thicl me iw andfar the onter di a met e r of flm tabular meat^^ 

16 regfama^acent to the mandzel 205 in ordar optima 

q]paratiia200inpositiona]nthewellborew^ nirthennare» in 

thia manner, the in i t ia tion of the radial **p<*ff8fm of the tubular member 210 
during the ertmrfon proceea is optimaDy iWriitfa>»A^ 

Aa niuatrated in Fig. 4, once the annular regtan 315 has been adequate^ 

20 fiIl6d«ithmaterial8O6,aphig4O5,crotfaersindlard0fk^i8 

fluid paaaaga 240 therd^ flnidic^ iaobding tiie interior region 310 £h>m the 
ammlar regiosi 315. Iaapre&rredembodiment,anan-h8rdenablefhiidicmater^ 
306 ia then pumped into the interior region 310 eanaing the interior regi(m to 
pressurise. In thia manner, the interior of the eaqsended tubular member 210 will 
25 not c nmtwin rignifi r mtt i roo n nt a of cnredmaterial 305, TUs reduces and sinqdifiee 
ttecoetoftheontiieproceaa. iUtanatinfy, the material 
this phase oftfaa pfoceas. 

Onoe the faiterior r^ion 310 beoomea sofiBdeut^ prasurised, tfa^ 
member 210 is extruded off of the eqwiHiahtemwndTel 206. During the ezteubn 
SO process the cqwndah b mandrel 206 miy be rriaed out of the eaqwa^ 

Uie tabular member 210. In a pgeftrred emhodhnent^ during the ertnudon 
proceaa, the mandrd 206 18 raised at apfiradmafee^ the sam^ 
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member 210 is m[tmy%Am\ in order to keep the tabnlar member 210 etattonexy 
relative to the new wdlbore flection 130. In an altcraatave preferred frnibodlmmit, 
thftgltniBW* rmriW'^Tffr*™'""^ tfwfaibiilarmfimherglQpomttftnwi ehcrve 
the bottom of the new wellbore section 130, keeping the mandrel 205 itatkmaxy, 
6 and allowing the tubular member 210 to extrude ofif of the mandrd 205 and iall 
down the nfiwwellbore flection 130 under the foioe of grsrity* 

The phig 405 is preferably placed into the fluid passage 240 1^ int^^ 
the plug 405 into the fluid passage 230 at a aur&ce tocataon in a conventional 
manner. The phig 405 preferably acts to fhiidicly isolate the hardenable fluidk 
10 ftiM>HnglT">b^^ MR frm tha turn bftwipmahle flnidfc material 806, 

The phig 405 may oompriae any number of ounveulkmal oommerdaUy 
fif ^^iMA ^^n^it^^frtm phiggingafhiid pegaay anrh f^f^ far eaample^Mnltiple Stage 
Cementer (MSG) latch-down phig, Qm^ latcb^own ptng or three-wiper latch* 
down phig modified in accordance with the teadbiny la 
15 a pieferiBd embodhnent, the plug 405 compdaesalffl 
from Halliburton Energy Services in Dallas, TX. 

After placement of the phig 405 in the fluid paasage 240, a non haxdenable 
fiuidic material 306 is preferab^ pumped into the interior i^n 310 at pressures 

f i nd flfwr TTtffff n^ g»^& gMmplft ^ fr^tn uppr^mntely lOQ tA IQ^OQO pgi and 30 

20 to 4,000 gallonaAnin. In thia manner, the anunmt of bazdenablefhiidic sealing 
material within the interior 310 of the tubular member 2 10 is Tnhifmixfd In a 
preferred embodiment, after placement of the phig 405 in the fluid passage 240, 
the non haztknable material 306 is preferabfar pumped into the interior r 
at pressures and flow rates ranging from approzimatefy 500 to 9,000 psi and 40 to 

25 3,000 gall OP S ^^^ \n inw^TTiir^ thw OTtniwmt qieed^ 

In a preferred embodiment, the apparatus 200 is adapted to minimltft 
tensile, burst, and firietion effects upon the tubular member 210 during the 
eiqsension pzocess. These effects mil be dspend upon tiie geometEy of the 
f,wj»^^M% mjinilw il Mfi^ thft mfttefi^ eompeaiiimi of the tubular membtt' 210 and 

30 ^i* r«wflftTi Tfi^nHTiil gns^ ttm inner diameter nf the tubnlar member 210. the wall 
*>t {5 >im ft m ftf «M> faiKwluFwiiimhM' 210, the ^rpa ftf hhricant. andtheyidd strtrngth 
ofthe tubular member 210. In general, the thicker the wall thirknewsttiesmalte 
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the toner diameter.aiidthegre«tertheyiddsb«^ 




rmember 

210 gffaf file mandrd 205. 

For ^ypied tabular membOT210, the erfnirf^ 
5 offof the wp t fidfthlBinim d r d^begin whan theiw^ 
810 readies, iior example, ap|minniaiid|7 500 to 9j000 1& 

Dnrmy the extHMkm prooeea, the eipandaWemaadiel 205 
oat of the eipanded portion of the tabular member 210 at lates raogmg, fbr 
example, fromabout0to6fWBec. Inaprefi»rrBdembodnneat,diiriiigthaertniai6n 
10 P««BS. the expeiuJaNe mandrel 205 iandaed oat of the expa^ 

tubular membec210«tratesraagtag|hmiabout0to2ftAecinonler to m^^ 
Oe time teqdPBd fcr the expmiakm priKMaa lAito ^ 
tt>e eipanmon proceaa. 

Whantheendporliona60ofthetubnlarmember210iBexfrudedoffofth^^^ 
U oP«wJ«U» mandrd 206, the outer aorik» 265 of the ^ 

tabular member 210 iriU prefarab^^ eootaet the mteiior 
portion270ofthecaaiagll6tof(amanlhiidtl^«wi«ppu^ Thecontact 
preBBoie of the overlapping joint may range, for eacemple. fivm approximate 50 
to20.000paL Inaprefaied«mbodimait,thec«itactpBwmireoftheo«rl^^ 
20 joint w^lkomippnaiarteljr 400 to 104)00 pd in on^ 

jwasme to activate the animlar eedn* membera 246 and optf^^ 
"MiataBCB to aiial motiim to acoommodate ^ypksal ten^ 

Theowlappingjoint between lie aection 410of theeristingeaaingllS and 
the«ection265ofthee^pandedtDbularmBmber2lOp«ifend»typK^ 
26 andflnidieasaL Ittapartiralai^preleried«mbodhnant.aieBealingmembera245 
qitiiaal^riiro^ a floidic and gaaeoiu aad 

ln*piefcrtBdembodfanent,tbeoperaangpnwareandftowrBteof<^ 
hardoiahlefliiidicmaterialSOeiBcontrollabbrrampeddownw^ 

a-ndrnl 206 leadw the end poraon 260 of the tubular member 210. In this 
30 ttaauddenideaseofiiteaaaiecwaadlwlta 

tubularmember2l0oirofthe«^«aldde»and«1206c«ibenlnlmixod. In. 
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preto led embndimmtf tim operating preasBrfc ia reduced in m guhstamtiAHy H np^y 
fiubion finom 100% to abrat 10% duri2ig the 

"wbesx tibe mandrel 20S is vrithin about 6 feet firom oomplettoit of die extnision 
process. 

5 AUeriiative^»ormooiDbiaatioii,aBbockabsoito 
member £50morder to absotfa the shock caused th e 

The shock abeoiber Dsy cuttxipiise« for example, az^ « pn wfttitf ^n^j cQmrnercially 
available ahoA abeorber adapted &r t» in irellbore operati^^ 
Alternatively, or in oombinatioii, a mandrd catc^^ 

10 in the end portion 260 of the tabular member 210 in oxder to catdb or at least 
decelerate the mandrd 205. 

Once the extrusion process is comjdeted, the expandable mandrel 206 is 
removed from the wdlbore 100. In a preferred enibodiment^mther before or after 
the removal of the expandable mandrel 205, the int^ty of the Quidic seal of the 

16 overlappingjcwt between the upperportion 260 of the tabids 

the lower portion 270 of the casing 115 is tested using convmtional methods. 

If the fhUdic seal of the overlapping joint between the tipper port 
the tubular member 210 and the lower portion 270 of the casing 115 is aatiafactoiy, 
theaanyuncured portion cfthematerid 306 within the eipan 

20 2l0btlieiiremovedxnaeonventionalmannersttdia8»fisre(aan|^ 

uxicnrednatenal out oftlm interior ofthe expanded tubular memte The 
mandrel 206 ia then pulled out ofthewdlbore section 130 and a drill bit mill is 
used in combination with a conventional drilling assonbfy 506 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 

26 the annular region 315 is then allowed to core. 

As iUustrated in Fig. 5 , preferab^ asy remaining cored material 
the interior of the expanded tubular member 210 is thai removed in a 
conventional manner uaing a conventional driU 8t^ The resulting new 

section of caamg 510 inchides the expanded tubular memb^ 210 and an outer 

30 annular Layer 516 ofcured material 305. Thebottom portion ofihe apparatus 200 
eontprising the aboe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 uang conventional drilling methods. 
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la aprafemd cmbodinient, as iOnatimted ia Fig. the tqipCT 
of the tebttlar member 210 indndaftone nrwanrm nnWiig mi p^^ t^yg j ^ 

morepteBBOzeidieflioleseiO. this mam». the overtaiipmgjoititbetweeo the 
low porttoi 270 of the caang 115 and the wiper portian 260 of th«. faihtiio,. 
5 meiaber 210 i$ pnamne-ti^ and the pressure on the mtoiar and exterior 
BUr<Mesofthettdmlariiiamhwrg10«iiMjvi,|B,^ 

In A prafened embodhnent, the BBalmg xnemba e 905 aie seated ^thin 
recesses 615 fiarmed in the outer lat&oe S65 of the iqiper pcHrtiim 260 the 
tubular member 210. In an altexnative preferred embodiment, the — 

10 iDeBiber8e05ereboiidedormoldedontotheoiiter8uite266ofaeiipperpor^ 
260 of the tabular member 210. The ptessure relief holes 610 Me prefarably 
positioned in the last few fiset of the tnbnlar member 210. Ihe ptessnre relief 
holes reduce the operatbg praaswcs required to eiqnnd ^ tipper portion 260 of 
the tubular member 210. This reduction in reqoitad operating pleasure in turn 

16 nshiiw the velodiy of the mendrd 206 upon the completion of the exbna^ 
process. Thjaredncaonin-wdaeHrfa w» ti.« shoflr to the 

entire ^qniatus 200 upon the eonqdetiaa of the extnnm pRweaa. 

Beferifng now to Pig. 7, a paiticulBx^ prafttied «n.iww<i..,TOt of an 
apparatus 700 fir finming a eaBii« wiUdn a vdlbon preftza% incfaides an 
20 ftipimdahlw mandrel or pig 705. an exDandahtemandial or pig nx.,*.*^,^ «yi(^ , 

tubuhff member 71^ a float dhoe 720, atowercBpaaal 72^ anuppereiq) seal 730. 

afhiid passage 7S6,afhridpa88*gB740,as«qiportmember746,abody of hibric^^ 

750, an overriiot connectioo 765, another support member 760, and a BtaMliaer 
765. 

26 ''^■^^andBblB mandrel 706 is coi^ded to and supported by the 81^^ 

member746. The «q»andahle mandrel 706 is Itetber coupled to the expandable 
mandrd contains 710. The wpandiihle mandrel 705 fa preferably adig>ted to 
eontroDabiy e^Mnd in a radial dbeetion. Hie eq«ndable mandrel 705 may 
compriseai^nnndierafconventionalcomttGraalltl^avalldiieeg^^ 

30 modifiedinaccordaneewiththoteachingsoflhepteaentdisdoeure. Inapre&md 
embodhnent, the expandable nmndiel 706 eompriaea alvdrmiHc espanrion tool 
substantially «■ disclosed fa UA PW. No. 6,348,085. Oe ombents of wUeh are 
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mooipozated herein by refexenoe, modBfied in aocordasice with ihe tmttr^mgm^ of the 
present diedosure. 

The expendable mandrel container 710 is coupled to and mqqxnted 
aapport member 745. The frtpandnhle mandrel container 710 is fiarther ooftyled 
5 to the expandable mandrel 705. The expandahle mandrel crnitainffr 710 may be 
eonstructcd from any number of canvenfional eommenaaUy amUable w**h»r^^« 
such aa^fiir example. Oilfield Oountzy Tubular Goods^ atainlesBstsd, titanium or 
bi|^ strength steels. In a pief eiie d embodiment, the expandable mandrel 
container 710 is fibricated from material having a greater stroigth than the 

10 material from ^rtueh the tubular member 715 is fBdiri^ In this manner^ the 
container 710 can be fabricated from a tubular material having a ti 
thickness than the tcdmlarmeoiber 210. Tbia permits the container 710 to pass 
throu^ tight dearances thereby facflitating its placement within the wdSxm. 
In a preferred embodiment, onoe the expansion process begins, and the 

15 thicker. lower stroagtb material of the tubular memb^ 715 is expanded, the 
outddediameter of the hibularmember 716 is greater than the outaide diameter 
ofthe container 710. 

The tubular member 716 is coupled to and sm^Mirted by the expandable 
mandrel 705. The tubular member 715 ia preferab^ expanded in the radial 

20 directkm and extruded off of tite expandable mandrel 705 substantial^ as 
described above with reference to Figs. l-^. The tubular member 715 may be 
fabricated firom any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a pr ef erred 
embodiment, the tubular member 715 is fabricated from OCTG, 

25 In a p re fer red embodiment, the tubular member 715 has a substantial^ 

annular cross-aection« In a particularly preferred embodiment^ tibe tubular 
member 715 has a subwti^iitiftlly circular annular crosB>sectian. 

The tubular member 716 preferably incfaides an upper section 805» an 
faiterniedisteeectian 810, sosd a knver section 815. Theiqiper section 805 of ihe 

30 tubular member 715 prefieraUtr is defbiedt^ the region begixi^ 

of the mandrd container 710 aiid ending with the top aeetton 820 of ihe tabular 
member 715. The intermediate section 810 of the tubular mmber 716 is 
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|izefer»bly defined l^fbsngifmbegi^^ 

ocmtatnerTlOoodendmgiriaithexegk^ Tte 
lower aedaon of the tubalar member 715 is prefend^jr defined hy the lesion 
b^giiming in the ifieixiify of ^ maiidrd ^ 
5 tubular member 715. 

In a preferred embodiment^ the watt tfaickxiess of tl^ 
the tubalar member 715 U greater than the waU thickness 

and lower oections 810 end 815 of the tubular member 715 in order t^ 
fiun&atfi the inhiatum of the oztruai^ 
10 700tobei»ritfcmedinlocatiQn»mtfaawrfB>m 

Theooter diameter and wan thicknen of the upper aec^ 805 of the 
tabular member 715 miiy range, for example, from aboijdL^ 
to2indheSyreqpectxve^. In n ju jgfa g pa^i miifcA^fm f ^ diflmctcr and woll 
tfaiekneaaoftheivper section 805 of the tub^ 
15 tol6md>esand8/8to IJmehea^rggpocti v cjy, 

Theouter diameter and wan thickneaaoftheintmnediateaect^ 
tubularmanbo'715mayrange,forexBmpIe,fit>mabout2<5toSOmch^ lfl6 
to U mchea, xespectivetr. Ln a pie fa ri'ad rnnhndiminrt ; the outer diameter and 
waU tiiidmeaa of tiie intermediate aeetion 810 of the tubular 
20 fiumaboutS^tol9indiaflaDdl/8tolJ26l2idiea^rapeetivefy. 

The outer diameter and waU (hidmesB of the fewer secticm 816 
tubular member 715 miQT range, fbrescanqde, firom about 2JS to 
to 1^ inches, reqpective^. In a profored embodiment, the outer diameter and 
wan t fa k knesfl of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/8 to 1^ fasches, reepeetmfy. In a particularly 
piefmad embodimept. the watt thMmeaa of the kmaraectifm ftifi nf ^b^)yr 
member 715 ia further nscreaaed to fncraaae the atreogth of the du^ 
driUable materials iudiBfl^ to example, ahmiinum are used. 

Thatubularm8mber715pr«ferablycompriae8aaciIidtubul^ In 
80 a prefenredrmbodhfient, the end portion 820 of ttietobu^ 

perlbiwted. or otherwise modified to catch or etoarJft»» tfi^^miTfrnl TOBwhmit 
GompleteatiieeztruaionoftiibnlarmamberTlS* la a pse&ned embodiment, the 
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leOffthof the tUhnlflrmfimh«r 71S in limited to Tninmi^ thfl pftaftjlwliiy / ^t/>Mi^g 

Forlg^pie&l tubular member 715 nmtsrlals, the length of tite tubular member 715 
is preferably limited to between about 40 to 20,0W 

The ahoe 720 ia coupled to the fflgmndebte mandrel 705 and the tubular 
5 member 716. The ahoe 720 indudea the fhdd paaaage 740. In a preferred 
embodnaent. the dK)e 720 further indudea an inlet paaa^ 

jetl»rtB835. fa a partlmlM^ pwAnpwiii g>ttilwi^iTfi«f|f fhft rTOQD Doctioiial iLapt 

of the inlet paasage 830 ia adapted to receive a latch-down dart, or otha ai^^ 
element al tar blocking the inlet paasage 830. The interior of the ahoe 720 

10 preferably in Ai<i#a a liQ^rfg<aMfMfcerMiU^ fftnmgthafthc 
ahoe 720. In a pa rMo il a i ^y pirfei ie d emhodimimt^ the body of aolid matnial 840 
0QDq>rise8 ahiroinum* 

The ahoe 720 may oompriae any number of conventional oozmnegrdallly 
available shoes such as, for example, Super Seal II DownJet float ahoe, or guide 

15 shoe with a sealing aleeve for a latdi down phig modified in acomlance with the 
tftflfhingK of the present diadosuie. In a p r efer r e d embodiment, the dioe 720 
compriaes an aluminum down^jet guide ahoe with a sealing sleeve for a latch-down 
phig available from Halliburton Bnergy Services in Dallas, TX^ modified in 
acoordanee with the teaeUnga of the preaent diadosore. in order to qptimiae 

20 guiding the tubular member 715 in the weObora^optnBizetibe seal bet 
tubular niendm 716 and an enatingwellborecaaiQg, and to optt 
removal of the aboe 720 Igr driOing it out after completion of t^ 

nie lower cup aeal 725 ia coupled to and aupported ly the support fl^^ 
745. The lower cup seal 725prevent8forevnmatetialsfromenteringtheintem 

25 region of the tubular member 715 above the eapandable mandrel 705, Thekmer 
cup aeal 725 nu^ comprise any mmiber of conventional conmiGtnal^ 
seals such aa, for example, TP cops or Selective Ii^jection Packer (SIP) cupa 
modified in accordance with the t.ra<^ings of the preaent diaclosure. Inapieferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 

30 HaOiburtonEnergy Services in DaBaa, IX in order to optimal^ 
barrier and hold a body of hibricant 
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Th0llppere^p■eal7SOiseol9Iedteaadlapportedl7tf^ 
760. Tfa8ig^a9«Ml730pMwnt8fiirdgnnatexiab£himcate^ 
regionof the tubular member 716. Hie upper cup aeal 730 may comiirise 
mimberof eonventioiMl (mmierdalIyarallablBciipMalBniiAMR,far«i^i»^j^ 
6 cupe or Selective Iq{ectkm Packer (SIP) ciq> modified in aeandaoce with tbe 
teadmi«B of the present diKloeare. Ineijrefoiedembodimei)t.thflC9pera9BeaI 
780coBg»riaeaaaiPcnpai»rfl«htelhmiHallihiirtm 
in order to opthnal^ provide a ddwis btasbr and coDtain 8 1^ 

nie ihiM paaaage 735 peimita fhiidie materiali to be transported to and 
10 lhmtheinta3riBrregicmoftbetiihnlarm«nb»7lKhi^^ 

705. 11)elliiidpa88age7S5i8ibidie|ycoiqpledtotlieQnidpeaaage740. Tliefluid 
passage 736 is prefisrably conpkd to and poaitioaed vrtthin t^ 
760, the support member 746, the mandrel eomtajner 710, and the «»»r«H HWff 
ma&dreI705. The flmd passage 735 preferahbr extends fiom a positkm adjacent 
15 totheamliMetotbebottamoftheesqMaidablemandxdTOS. TbefliiidpaasageTSS 
iBpireanblypoBtioined«longae8Btedtneoftheqipenttas700. The fluid passage 
735 is preferably seleeted to tranq^ nukteriab sodi aa eement, drilling 1^ 
epoxiea at flow rates and pressures ranging &mn about 40 to 3,000 galbna^^ 
and 500 to 9,000 pai in ocder to provide aafDcieutopetatiiwpreeaiizes to cx^^ 
20 the taIndarmfliinber71fioffoffbecspaadable mandrel 70S. 

Ab described ahow with xefivann to Rga. 1^ dazing placement 
^)paratna 700 wiChia a neir section of a vreOwci^ ihiidie maleiiab 
fhad passage 736 can be rdeaaed into d» weObore above the tidmlar member 716. 
la a preferred embodiment, the ^5«i»tna 700 ftirtherhidudesa laeaauie release 
26 passage that is coiqiled to and poettioDedwitiim the siq^iortmanber 260. The 
pra88urerelea8epa88ageisfurtberffaildi^Gaiqdedtothefluidpa88agB735. The 
presame release passage pnSanbly indudes a eontRd vahe tor controllably 
C9«iag and closisg the fluid paasagB. In a preftrred embodfanent, the control 
valveiaptesBareaetlvatedinMdertooGntadlablt^imniminamigBpiessnxee. The 
SO prainrerdeaaepaasageiBprefin^positnmedaidMtanlaai^ 

eenteriiae of the qnNntuB 700. The presamw rdeaae paaaage ia pnftiab^ 
adected to convey matwrials saA — AnHiti g m n^ ^ vpmim nt fjcnrmtca 
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and poresBures Taziging from aboot 0 to 600 galkmitfrniimte and 0 to 1,000 psi in 

order to xniuce tiie drag on the appaiatos 700 during inae^^ 

of > wdlbore and to mtnimlTO smge pieBsurea on the now weHbore section. 

The Onid pasBaga 740 pennits flnidic matm-iHlft to be tranaported to and 
6 fitnn tl)e reffOR aterto to the tubular meoiber 716. The fluid passage 740 is 
ptefaraMycoig>ledtoandpogtionediritfain 
with the jnteriorregton of the tubular niember 715 below thfterp^ 
705. Thefloidpa88agB740pre&rabl7hasacross-6eetional8hfl^th^ 
phig, or oOier fimOar devm. to be piBoed in the in^ 

10 totfaetAy UockfbrttierpanageofflmdkiDateriala. In tiitemanneri the interior 
region erf the tubular member 716 below the erpendable mandrel 706 can be 
n ptTm*l^ fiuidic^ isolated tnm the re^on exterior to the tubular member 7 16. 
TUa perndta the interior rc^on of the tubular member 716 below the ez^^ 
mandrel 205 to be pressuzized. 

15 The fluid paasage 740 is preferably positioned aubstantially along the 

centeriineoftSie apparatus 700. The fluid passage 740 is preferab^ sdeeted to 
convey materials aoch as cement, drilling mud or epoxies at flow rates and 
pressoresranging&omabout 0 to 3,000 gallonsMnuteandO to 9»000pai 
to optinial^ fin an annnlarregicm between the tubolarmei^ 

20 aecttanofawdlbaiewxlliflnidiemsterialk in aptetoed cmbndimimt, the fluid 
passage 740 indudes an ndet passage 830 having a geometer fhat can zeoim 
dart and/or a ball sealing member. In this manner* the fluid pessage 240 can be 
sealed off by introducing a phig, dart and/or ball sealing dements into the fluid 
passage 230. 

25 In a prel c CT wiembodimgnt, the apparatus 700 further in g 

seals 845 coupled to and supported l^- the end portion 820 of the tubuto 
715. The seals 845 aie fturther positioned on an outer surihoe the end portion 
820 of the tubular member 715. The seals 845 permit the ovtrUpipiDtg jfiSait 
between an end portion of preexisting casng and the end portion 820 of the 

30 tubular member 715 to be flnidic^ sealed. The seals 845 may comprise ai^ 
^^w^Imw of conventional oomnerdalfy avaiUble seals such a8» for egampTft, lead, 
rubber, Teflon, or eposy seals modified in aooordanoe with the ttf i achingH of the 



present disdoaure. la a p r efc ro d cmbodiiDeiit^ the eeala 845 cQmpfriee fft^li fi 
molded from StraiaLoek ^ozgr svaOable from Halliburton Sneigr Seraoes in 
Dallas^ IX in order to optinud^r iao?ida a l^dranlie seal and a loed bearing 
intexteexice fit in the o^eriqppmg joint betwwn ^ 

715* 

In aprafierrodemhodhnpnt, the aeals 845 are fleleeted tpf^wada a Miiffi g ' ^ t 
frtctianal farce to mpport the agmded tabular mamhar 71S fitim th^ mwia^^ 
casing. In a ijjtgfemad embodiment the flic^^ 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimalty support the 
expanded tabular member 716. 

The sttwort member 745 is prafarab^ ctmplad in tfm mvprnrtAM A n m idrpl 
705 and the overabot eonneetion 755. The aiqiport member 745 preferab^ 
comprises an ammlarmeniber having suffidcnt strength to carry the 
16 700intoaxiewaectionorawemiOfe.aiie80|9(^mendMr746ms7c^^ 

number of conventional eommerdally available support members such as, for 
ezami^staddriUpqpe. coiled tubing or otberfait^fitre 
accordance with the teadungs of the present disclosure. In a preferred 
emh cwl imftnt ,,thegtgportmember746compriBesamventioiml^ 
20 from various steel mills in tbelhuted States. 

in a p te Car e J wmN^Hineni ^ a boc|f oThdnicant 750 is provided in the 
annular region above the egpandflhia wiimHwJ «mfaiiii«r 7T0 wiBiin ttw interiorof 
thetubuhurmcmber716. In this msmer^flieegtrTiflionafthe tubular member 715 
ofTofthe expandable mandrel 705 isfadlitated. Ilie hihricant 705 may comprise 
25 any mnnher of ocwventianal commerciaUr available lufaricants such ss, for 
eiample, Lubriplate, chknine based hibricants, oH based hibrkants^ or CKmax 
1500 Aatisieie (3100). Inaprefiniedembodiment^ thehsbricant750 conqiriBes 
CUmax 1500 Antiflien (8100) sndDaUe from HallibuTton Energy Servioes in 
Houstcm. IX in order to cq^thaal^ ptovide hd»ic^ 
30 prooeaa. 

The orordiot connection 755 is coupled to the support 
6upportmeinber760. TheoverdiotCQmieetion76SpQrercnb|ypamte 
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member 745 to be ranovBl^ coupled to the 8U|^ Theomshot 
^nnftft^ftn 755 joBj comprise any nuniber of amventionut cnTnmercial^y available 
ovetdiot ooonectums such as, for example^ Innerstrizig Sealing Adapter, 
Ixtzierstriiig Flat^Face Sealing Adapter or EZ Dr^ In a 

6 p ie f erred embodiment, the overshot connection 755 oompriaet a Imierstring 
Adapter ^th an tapper Guide available from Hallibuitan Enagsr Services in 
Dallaa,TX. 

The support member 760 is preferably coupled to the overshot connection 
755 andasurfaMnQyportstnurtureCnotittastrBted). Tlie support member 760 

10 preferably compriaes an ammiar member having wiffk i frnt s^ 

apparatosTOO intoanewsectionof aweObore. The mipport member 760 may 
comprise any number of convgntinniil comroerdaHy avwIaMe aupipoct members 
such aa, for example, steel driU pipe, coiled tobing or other bi^ Strang 
znodified in accordance witbthe teachings of the present diad^^ In a preferred 

15 embodiment,the8upportmember7GOconipxiBe8acoDventionaldxiU 

ftom ateel mills in the United States. 

The stabilizer 765 ia preferably ooiq>led to the support member 760. The 
staUlixer 766 alao preferab^ atalnliEes tiie oompon^rts of the apparatus 700 
within the tubular member 715. The stabilixer 765 preferably c om prises a 

20 ^herkal member having an outside diameter that is about 80 to 99% of the 
hiterior diameter of the tubular member 715 in order to optimaUy minimize 
bucklingofthetubularmcmbcr715. The stabiKrcr 765 magr comprise any number 
of coirrentiTtTiffI ^ T«ini>rH«lly iivmilAhlg rtalMKeers sacsh as. for eiample, E2 Drill 
Star Guides, packer shoesordragblocto modified in accordance with the t ea^ 

25 of the present disdoflure. In a prefienwi embodiment, the stdtfliacr 765 comp^^ 
a «^i^c adapter upper guide available from Hallibartim Energsr Sorvkes fai 
Dallas, IX. 

In a pzefemd embodiment, the aopport roemfaera 745 and 760 are 
thocou^i^ cleaned prior to aasemUty to the remaining portion 
30 700. Intluamanner^thflintroduetianQfforagnmaterialintotfae^^ 

ia minimized. Thirr Hm pnawhai^ of finrsign material doaang the 

various flow passages and valves of the apparatus 700. 



-24- 



Di a preferred ndMdJment, btfora or after poaitiaiiiiv the ^qiarali^ 
witliin a sew BBctUm of a wdbon, a oot^le of wdlbore vdumes m drei^ 
through the various flow passages of the qjparatw^ 

tanim nateriala are loeaied wifldn flw* — >lltwn» a.^ .»jgt.t H^gTip fhp Tmioup 
6 flow paasages and valves offiie apparataa 700 and to emae that no foreign 
Bisierial interferes with the wiwnrifmmandiriTQS during 

In a piefetred embo(SiDeDt, the q paxatos 700 is qpented substantiaUy as 

described above with referenoe to F|g& 1-7 to fbrma new section of easing within 
awellhore. 

10 ABiIhistratedmPig:8.fai«n«ltt ™U ii iji.iift i..«i»«i.>vi; ^t, thcmctfao^ 
and apparataa described herdtt b used to rqwir an edstiagweObera <Mh)g 8^ 
by forming a tubular Kner 810 Inside of ths easting weUboreeasiiiig 806. Ina 
preferred embodnnant, an outer annular lining of cement is not provided in the 
rqtairedaection. the aheniatiwpre&rred embodiment, aiynuniber of fhiidic 

16 nia*eriabcanbeMedto«qwidth«tubalarlinar810intointimatecantart 
the damaged section of the wellboro easing such aat for esample, cement, epojty, 
dag mir, or drilling mod. In the ahainativB preferred embodbnent. sealing 
membewSlSareprefersblyprwddedatbolhendsofthettibolarmemberin order 
to opthna]|7 provide a OmdieseaL iaanaltemafifeiacfenedenibodhBait,tiu 

20 tabnlarlinerSlOfeteiawdwittBnahoriaBiiianvporiti^ 

a» those used to tran^xwtbydiocarbMuior water, with fl» tubular KnOTSlDplamJ 
in an overlapping relat i wiHhip with the adjacent pipdineaeclao^ Inthismanser, 

undergromid pipelines can be r^paiTKi withoot havfaig to dig ont and leptaca tto 
damaged sections. 

25 *°«»«tlwalternathre preferred embodiment, the method and appar^ 
deecribedharanisnaedtodirectbrlineawdlborewithatiibnlarlinerSlO^ Ina 
tAj«^^ «mihodlTnmt ,an outer annular IfaiingofcaDent is not pcofidedfaetwem 
thetubutorlinerBlOandttewBUbore. In the sltemattfe preferred embodiment, 

any mimbar of fhiidfc materiab eanba used to Biqwad the tidmlar liner 81^ 
30 iiitiniatecontaciwiththawe!Iboie««4a>tlhre«mpl^ 
or driDiiig nnid. 
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Beimms now to Figs. 9, 9a, 9b tad 9c, a preferred embodiment of an 
m ipa ra tiis 900 for forming a weUbore cadDg* includes an eaqwidOile tubular 
member 902,aropport member 904, an PiraTKffltema^^ 
908. In a preferred embodimflntttiiedeagQ and eonstroctlonoftbe mandrel 906 

5 and sboe 90S permits ea^ removal of those eleoientalv drills 
mamMr, tbs assembfy 900 can be &afy removed from a vellbore usiQg a 
conventional drilling qiparBtus and correqioiidiiig drillmg methods. 

The eqpandible tubular member 902 preferabfy includes an uiv^ 
910«anintenziediateportion912axidalowerportion914. During operation of the 

10 iq^paratus 900, the tubular member 902 is preferab^ertrud^ 

906 by pressuriang an interior regicm 966 of the tabular member 902. The 
tubular member 902 preferab^ bS8 m Bubstantially ammlar croas'-e^ 

In a particularly pte f erred embodiment, an qpeudahlft tabular member 915 
iscoupledtotheupperportion910oftbeezpandabktabularmanber902. During 

15 apemtk>noftbeappar»tu8900,thetubu]armember9I5i8praferd^ 

ofthe mandrel 906 Iq^pressuriung the interior region 966 ofths tubular member 
902. ThB tubular member 915 preferah^ has asubstantiaUy annular croes-aection. 
In a preferred embodiment, tibe wall thk^«« of the tubular member 915 is 
greater than the wall thickness of the tubular member 902. 

20 The tubular member 916 may be febrieated tnm any munbor of 
oonrentiottal oommmially available materiala audi aa, for example^ oilfield 
tnbulars^ low alky stedSytitsnium or stainless steels. Inapraferred embodiment, 
the tubultf member 916 is febricaied from oilfield tubulara in order t^ 
provide app rox im fttety the same mgchsnlrnt properties as the tubular member 902 . 

25 faaparticalar^y p ge fe rredenibodinient> the tubular member916haaapl^^ 
point ranging from about 40,000 to 135,000 psi in order to optimally provide 
ff j^ i w «ii wtt rfyt:hBMi»eyirfdproperttca as the tubular The tubular 

member 915 may compriae a phirallty of tabular meoibers coupled end to 
In a p re fer red embodiment, the \qyer Old portion of the tubular m 

30 915 indndesona or more aealingmembeEBfor optimally profviding a 
gassous seal with an edsting section irf' weDboie casing. 



In a preferred rnnhocfTmgnt, the combined length of the tabnlar members 
9<aand91Berelimhedtp miniTni»tli>ip niyi^ Pfwty pt^l tubtllflr 
member miitffriflla . the eonbiped length of the tubularmgnhgwt floa jwid 915 ^ 
limited to betPmoB eboat 40 to 20,000 ftet in lei^ 
5 ThelowerportionOUofthetubiileriDembcr^ 
tfaedu)e908l7atlmadedaimeetion968. The intermediate portion 912 of the 
tubular member 902 pre&nh^ is plaoed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventianal oommerdal^ araOable mafemula each aa, for example, oilfield 
tubulan, km al%ated% titanium or atainleaaateela. Inapreferred embodiment, 
the tubular member 902 ia fahricated from oilfield tobniara in ordw tn ftp tiTTuilTy 
patryjdeBwruxinMtehf t hftmTTWTwrh^^ piopcrti eflflBthetnhtilar mftm>i <»>oiK 
biaparticularlypreferred embodiment, the tabular memb^ 
15 pmnt rmging ftem about 40,000 to 136,000 pai in otder to c^timaUy provide 
^ipnnimately the same yidd propertiea as the tubular ma 

TbB mil thicfcneaaof theupper, hitermediata, and lower portiona, 910, 912 
and 914 of tiie tubular member 902 may nuige^ fisrezanqda, fiom about 1/16 to IJB 
inches. Ina|Hrftorfimih<vtiTniwt, tlift«ii^Kirir^ffrf«ift ^^^j^ ^ i ^p^ 
20 aDdhmerportiQna,flia fllSaiid BiA-f tiNifHimW-— .K^prw} mnprftom flbout 
1/B to L2S fa grfar toopthnaqy pwigMo mmXl ftM^Vrtiff that i>Kmi» f^" 
the tubular member 915. In a pr^brrad embodiment, the wall thickness of the 
kmer portkm 914 is less than or equal to the waU thickness of the upptt^ portion 
910 in order to ppthnaOy provide a gmmetzy that will fit into tight clearances 
25 downhola 

The outer diameter of theiqiper, intermadiatB, andkmCT 910, 912 

and914ctfthetiibnlarmemb«r 902 may range, far cxaa^ firai 
inches. I&apre&ErBdembodiment»theoulerdiBnieteroftheupper,intennediate, 
and towerportiana, 910,912and914of the tubularmendser 902 range fromabo^ 
90 Siito UindiesinoEdertooptnnalb^provideflieaUli^toe^^ 
commonly uaed oilfield tubulars. 
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The length of the tubular member 902 is preferably limited to between 
edbout 2 to 5 feet in order to optimelfy provide enou^ length to contaxQ the 
maxKhfd 906 and a body of bibricant 

tbe tubular member 902 may ooxz^nriae any number of conventional 
5 commefdaDy available ttibiilar members modified in aoomla^ 
of tbepreaentdiacloaare. In a pr e f ened embodimept, the tabular member 902 
oompsiaea Oilfield Coontiy Tnbular Goods availed 

The tubular member 915 may comprise any number of eonventkmal oommerdally 
available falffli*^ members ^nw<ififlii in acoordance with the twyhines of the 
10 present diodomim In a pnff f r rH »mVww<iinpffit »i»#>tiihiil«ritiginher»lKgmiiprfMfta 
Oilfidd Coontiy Tubular Goods available fitHn varioos U 

The various elements the tabular member 902 mi7 be ooupted ust^ 
ninwhgrr of conventional p rocess such aa, for example, threaded connections* 
welding or machined from one piece* In a preferred cmbndiTnpnt, the various 
15 elements of the tabular member 902 are ooopled uamg welding. TbB tubular 
member 902 niv comprise apIuraUly of tubular dementa that are a 
end. The various elements of the tabular member 915 nuty be coupled using any 
number at conventional process such aa> for example, threaded connections, 
welding or machined from me piece. In a preferred embodiment, the varioua 
20 elements of the tubular member 915 are coupled using wddfaig. The tubular 
msmber 915 may coviiriae a ptoraliCy of tabular demsDto 
end. The tubular mend)er8 902 and 915 niay be coupled using any number of 
conventional process such as, for exampk, threaded c o n nect i on s^ welding or 
machined from one piece. 
26 The sui^xsrt member 904 preferab^indudea an innerst^^ 

a fluid passage 918, an iQipar guide 920, and a couiding 922, Daring operation of 
the apparatus 900, the support m^nber 904 prefoably ai^iports t^ 
during movement of the apparatus 900 within a wellbore* Tlie support mamber 
904 preferably has a substantiaUy annular croaapseetioa. 
30 The support mwdber 904 may be fa b ii eatad from any number of 
conventioDal eonnnerdalfy available materiala sodi aa. for esam^ oilfield 
tubulara, low alloy steel, coiled tubing or stainless sted. In a preferred 
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emb odhnmt , the Eomart member 904 is febricBted ftom low alloy atael in ^t ^yr 
to optisiud^ Iinndde jdflid streDgttL 

13ie imimtnBg adqitor 916 prefer 
conv ention j i drill atring m a ppar t ftom a aariaeft location> Theiimerrtringad^ytor 
5 916 be cotqpled to a amventioaal dzill string support 971 ly a threaded 
ooiiiiection970. 

The fhtidpaaage 918 i8prefima»](f iiaed to omve^ 
to and ftom the apparatus 900. In a pre&tredembodiment, the fluid passage 918 
isfluidicfy coupled to the flaidpaa8a0s8S2. In a prefisnvd embodiment, the fluid 
10 pasaaye 918 ia naad to mnmf hmirAmmhU ^hMi^ y^^y ifny mntrriab to nnd from the 
appantus900. InaparticQhitypteferredfffnhodhn^ 

inchide one or more peaaute passages (not Ohistrated) to releaae fluid 

pressure daripg pOBitionin grftheapparataB900 within a wd^^ Inapreferted 

emb od iment , the flnid passage 918 ispoaitionedalapga hm^tudinal cgnteriins of 
16 the apparatus 900. In a pselimedembodhnent, the fluid passage 918 is sd 

to permit the ocmveyance of hartenable flnidic materials at operating pressures 

ranging from about 0 to 9,0(H) pd. 

Theiipper guide 920 isomided to aniqiper p^^ 

804. Tbet49erguide92Opce&xabfyisadsptedtocBnt0theBi9pcrt 
20 witbinthetnbularmember916* Hxeupper guide 920 luqroo&qirise any number 

(^^conventional guide mamhen DKidified in aooonlaBOa 

present disclosure. In a preferred embodiment, the upper guide 920 conqirises an 

innerstringad^iter available ftom HsIliburtonEnargyServi^ 

to optimal^ guide the apparatus 900 within the tubular member 915. 

25 nxecoiipling 922 (wples the Rqiport member 904 to the ni^^ The 
coupling 922 pre&nbltr emprises a a 

Tie various dementsrfthesiqjport member 904 maybe coupW 
number of conventfcmal processes sodi as, for annqde, welding, threaded 
connectiansorniaddnedftomanepieee. In a preflBEzedambodiment, the various 

80 elemantaoftha support member 904 are eonnledngmgt^^ 
The mandrd 906 prefierab^ inefaides a r«tain» 
eipanma(neQne928,alowero(ae retainer 8S0,abo^ 



934, en esteiision Bleem 9S6, a spacer 938, a honsn^ 
iqiper oQim letainer 944^ a lobrkator nttsdrd 

950, and a fluid passage 952. 

The retainer 924 is coopled to the hihrkatornm 
5 948, and the rubber cup 926/ l%e retainer 924 couples the rubbered 
hibricator deeve 948. The retainer 924 preferabfy has a substantiaUy annular 
croBB^eotion. The retainer 924 may comprise any noxnber of conventianal 
commeroial^ available retainers auch as, for example, slotted sprmg pins or roll 
pin. 

10 The robber cup 926 is coupled to the retainer 924, the hibricator mandrel 
948, and the hibriortor sleeve 948. The rubber cop 926 prevents the entry of 
ftff ^ g n Tnafjwtwl* Intn th<i Inttirinr region 972 of the taibolar member 902 bdow the 
rubber cnp 926. The robber cup 926 may oon^wiae any number of conventionsi 
commercial^ available rubber cups such as, for ezanqile, TP oops or Selective 

15 Injection Packer (SIP) cop» In a pi e fei ted embodiment, the rubber ciq> 926 
comprises a SIP cup available frtnn Halliburton Energy Service 
order to cqyttmally block fioredgn materiala. 

In a partieolarly prete red embodiment, a bo^y of hibricant is further 
provided in the interior regkm 972 of the tubular member 902 in order 

20 the interfim between the eitsriarsurfim of the mandrel 902 and tfa^ 

eur&oe of flie tubular members 902 and 915* The hibricant may amprise any 
number of conventional commercial]^ available lubricants such aa, for example, 
Lubnplgitf , r>iVm nebftff^ fitKrw^Atita ml hsumA hibrigflntsorOimax ISOO Antiaeize 
(3100). Inapreteied embodiment, the lubricantcomprises Climax 1500 Antiaeize 

25 (3100) available from Climax Lubricants and Equipment Go. in Houston, TCin 
order to optimally provide lubrication to iadliate the extruskm process. 

The expanson cone 928 is coupled to the lower cone retainer 930, the bo^ 
(rfoexnent 932, the lower guide 934, the extension decve 936, the hw 
the vvpa cone retainer 944. In a ineferxed embodiment, during operation of the 

80 i^yparatua 900, the tubular menibers 902 and 916 are extnided off of the onte 
sorfhceoftiieespanahm cone 928. IbaprefiaTedembodinK»t,«sialmovaaent 
of the eqmnsion cons 928 iapreventedfaj the lower ome retainer 930, housiv 
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and the xxpper cone retainer 944. Inner zadialstoveinezitoftheexpaziflon cone 
928 is premtad lor ^ bo<j of cement 932, the houd^ 
retainer 944. 

The cacpOTman cone 928 preferably haaasuhst^ 
5 The ootadfifiainsteroftheexpanibn 0000 928 is piel^ 
a ocme ahape. Hie wall thickness of ibe eipanmnn cone 928 magr range, for 
example, finom aboot 0.125 to 3 incfaae. In a preferred embodunent* the waU 
t hirkneft sof the eq>anflfon cone 928 rangBaftom about 0^ to 0,76 inches fax order 
to aptimalhr pnyridfl adaqnate cgmpgegghwB gtrmgth with mmf^f^] materiaL The 
10 maximum and minfamim aatti^ ^Mwiflfe^raftf ih^ ^^j%Tt^^ remm pif^ wn^ rm p ^^ 

fixr example, firomaboutlto47ischaa. Inainfortedendiodimefit^^maxhnnni 

andmininmrnoMtaidft diiim<*fcPT« Af th^^^pfna^mi ^-nmy pyg nmgr frtrm about 3.6 

to 19 in order to optimal^provide eq)anmonof general^ 

Theeq»nfltimoone928niaybefabricatedftomai]Qrnun]ber 

15 cammerdaUy available materialaguchaa. feraxampia- eeramacy toal iitawi^ ft famjuTn 
orlowaOforateeL In a praf arrad fmh nrfim mt, the egpamrfm mng ftM fa ryt^jfatrf 
firom tool gteei in order to optimally provide hig^fltrangth an 
The sa rffl C fthardnff« ofthe outer aigftcaoftheeipanaiaa cone 928 ma^ 
flxaniple, from about SO Bockwell Cto 7D Rockwell C, Inaprefenedenibodimanti 

20 the auifece hftrdneas of the outer mtmoB of the expansion cone 928 ranges from 
about 58 BoAwdl C to 62 Rockwdl C in cxdar tn optime% prmni^ higfc yf^d 

strength. In a pre f eti tl d ftmhndfm«>nt tfm mr^mtnm i»nft (jTR ig hfflt tTW ^ tO 

optimalit}^ provide a hard ooter aorfim and a reaili»it inte^ 
optimaltif provide ahraaian remstanoe and fractore tou^meas. 

25 The lower cone retafaiflr flSQ i* mapM tn tf^ mrY^r^fnr^ tn^r^tk 9^9mdfe H 

luniaing940. In a pt e feix e d ffmhodimrm t, aadal movement of the expanaian cone 
928 la prevented bjr the lower cone retafnar 930. Freferab^, tha lower cone 
retainer 930 has a aobatantiaUjr ansnlar cnwaection. 

The lower cone retainer 930 may be q»1iffiff«tffd from ai^ number of 

30 conveptional mmmi^rriaB y av aflable m a t e ri alaapch aa, faFCMmplii, f*, r^^ fn^i 
steel, titanium or low alloy stedL In a prefened embodiment, the lower cone 
xetainer 930 ia frbrieated from tool steel in oEcder to optimally provide high 
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strengtii and ahrttBOQ resistance, llie surface hBtdnessoftfaecnitersurCMse of the 

lower oinie retainer 930 xaaj range^ fin* eianqDie, 

BodcwdlC. Inapreferred emhodhnent ,thesariStfeliarfri^ 

of the kmw cone ZBtainer 980 ranges fimm aboot 58 BockweU C 
5 mordertooptinuJIyproT^highyicldgtrengtlL InaprBfarredemhodimmt^tbe 

lowCT oow retainer 930 ia iMt treated to optimal^ 

aiid a reBpient interior bo^ in onler to Qptmal^yi^^ 

fracture tou^meas. 

In a preferred embodiraenty the kwrer cone retainer 930 and tb^ 
10 cone 928 are fiormed as an integral caie-pieoe^znent in order rf^^ 

of oomponezxta and increase tbeoveriJiatzeQgtb of the appazatas. Hie outer 

surface of tlie lower cone retainer 930 pra&rablb^ mates wi^ 

the tubular members 902 and 915. 

l^bodyofoement9S2ispositionedwitliiniheinterioroffheni^^ 
15 Ibe body ofeement 932 provides an inner bearing Btzuctore for fl^ 

nie bodlx of cement 932 ftirtber m^r be easi^ driUed out uaix^ 

device. In this manner, the mandrel 906 may be easily removed using a 

conventional drilling device. 

body cement 932 may oomprise any nmnber of conventiainal 
20 f r^wiituM^ ^f fl|y »niilaMf tmnfnm^it Altemativ^, ahamimnfiy cast iron or 

tomft ftthfT^f *^^^^^ y^g tril j fft rnmpmnte, or aggregate material may be substituted 

forcement The bo4y of cement 932 preferably has a sobstantially annular ctobbt 

section. 

The lower guide 934 ia coupled to the extension deeve 936andhoiiamg940, 
26 During operation oftheappAr«ta8900» the lower guide 934 preferably 

the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferabbr has a substantially annular cgoaa"Sectiopu 

The lower guide 984 in^y be filnicatad from aiv mnnber of oonventi^^ 
mrwrnmnjil^ jiyatfliihl^ tnateriftlfl aiA as, far gxampla, oilfidd tobulars. low allgy 
30 steel or stainksa steeL In a preferred embodiment, the lower guide 934 is 
febriiated from low aUoy aled m order to optimally pivndde fa^ 



The imter Binfm of th0 kmr guide 984 ittefer^ 
of the tubular member 902 to prtndde a difix^ 

The irrt«imo n d cg ve986ig coupled to the tow 
940. During operation affile aiipamtim 
5 heipB guide the movement of the mandrol 906 witidn the tabular member 902. 
nie eitenaion aleeve 936 ppce&rably baa a aubetantial^ 

The extenaion aieeve 936 may be fabricated from aiqf number of 
conventional commercial^ available materials audi as, for *»amp ^^^ oilfield 
tubulara. low alky ated or itatnksa ateeL In a ptefe n ta l embodiment, the 
10 c rtenrionrie eve936iafiAricatedihmtowalk^ 

highyieldattengtlL TbeeiitereuziSraoftheextenBkm8leeve936p^^ 
vrith Uie inner auxiace of the tolmlar member 902 to pro^ Ina 
preferred embodiment, the extension deeve 936 and the lower guide 934 are 
fonned aa an integral one-pieoe element in order to minimize the number of 
15 componentB and increase the strangth of the iqiperatnBb 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferablymchidea the iluidpaaaage 652 aodiaadapted to mate vri 
tube 960 of the shoe 908. In this manner, aptug or dart can be conveyed from the 
sarlace throogh the fluid passages 918 and 952 into the fluid passage 962. 
20 Prefarah^, the ^pMar QM liaa n nW^^ff n^ly mmilflr tTPmircMon, 

The spacer 938 may be fabricated bom any number of conventional 
oommerdaUy available materials sudi aa» for eiami^, steel, ahunimmi or cast 
iron. Inapreferied embodiment, the spacergSSisMtricatedfrtmiahmm in 
order to (grtimal^ypnividedrillability. The end cfthe spacer 938 pzeferahly mates 
25 with the end of the ttcfcenaian tube 960. ^ a preferred embodiment^ the spacer 
938aDd the aeabngaleeve 942 are formed asan integral oneipiececle^ 
to reduce the number of oG(ziQ)onenta and increase the 8treng& 

Tha houaing 940 ia coupled to the lower guide 98%, extension aieeve 936, 
eypanaion cone 928, bo^y of cement 932, and Umer cone retainer 980, During 
30 operatiooofthea]iparata8900.tbebau8]ng940pretoab^ 

motion of the wp a nrinn cone 928, Preflerab|y,thehouaing940ha8B8Qb8tantiaqy 
annular cposc floctiwL 
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The houauig 940 may be fabricated firom way number of conventioxial 
ooinmsraal^ available inaterials 6uc^ 
steel or stainless 6teeL laapit efen edegibodiment>thehiiQsi^ 
from low alloy steel in order to optimally provide hi^ yield stzeagth* In a 
5 pTfffTrmT f!"Vv ti "T^"^ ^ g»"*« ertenfflon sleBve 036 and hoiiahig 940 
are fiirmed as an integral one-piece dement in order to mini^^ 
incieeae the strength of the an>aratiis. 
In a particular V preferred embodiment, the interior soriaoe of the housing 
940 one or more protrosums to fariHatf the connection between the 

10 housing 940 and the bo4y of cement 932. 

Thm tftfltiny rfPiwwB 042 ia cctupted to the aupport member 904, the body of 
cement932,tbeq)aeer938,andtheuFperconeretainer944. During operation of 
the apperatos, the sealing sleeve 942 preferah^ provides support for the mandrel 
906. Thg B?fllmg ^1i^»t;e S42 ia preferably coupled to the support member 904 using 
15 the coupling 922. Preferab^, the sealing sleeve 942 has a suhatantially annular 
doas-seetion. 

ft «Hiiif^g »lmmm 042 may hg fabricated from anv nomber of cpnyenttonal 
commercially available materials such as, for example, steel, ahzminnm or cast 
izra. In a prefenvd embodimeot, the seelmg sleeve 942 Is ttbricated from 
20 aluminum in onier to optimally pRivxdedrillabiUty of tiie^^ 

In a particulariy p re fe rre d embodiment, the outer anrfece of the seeling 
sleeve 942 indudea one or more protrugions to faciBnte the co niifrt i n i n between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 9S8 and the sealing 
25 sleeve 942 are mtegrally formed as a one-piece element in order to minimis 

number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing8leeve942, and the bodyof cement 982. Duringopetataonortheq9n>ta8 
900, the upper cone retahier 944 preferabbr prevents axial motion of the ei^^ 
30 cone 928. Prefcrabty, the upper cone retamer 944 has a substantial^ annular 
cr oa a sect ion. 
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Hie iqiper oono retainer M4 megr be faMeated from any number of 
conventional commetcUIfy available materials locb as, tar example, steel, 
alominumoroBstjian. Inaprefittredembodinient^ttieiqip^ 
u &bzie8ted firoim ahimfaiiim in order to optimal^ 
5 eone retainer 944. 

lb a partiCQlaz^ pnfbrrad eoibodimenti 
crofis-aectioDal shape designed to provide iniK^ la a particular^ 

preferred embodiment, the upper cone retainer 944 has a eros-seetional shape 
that is substantial^ I-sbaved to provide increaaed ziBidity and minimise the 
10 amoimtofmatarial that vimld bate to be drilled out 

Tie bibricator mandrd 946 is cocQded to the retainer 624, the rid^ 
926, the upper cone retafaier 944. the hibricator aleeve 948, and the goid^ 
Dttxinc operatian of the qiperatos 900, the hibricator mandrel 946 preferab^ 
contains the bo^y of hihricant in the annular region 972 for hibricating the 
15 interto between the mandr^ 906 and the tabular member 902. P^erably, the 
hibricator mmdw^i lUft >m« m jmhstantislTj imnnlnr arm nrftioii. 

The hibricator mandrel 946 may be fidirieated bom any number of 
canventicmal eommerdaUy available materials such as, for example, steel, 
ah nnhimn orcastinm. In a prefarrad emimdifwmt^ tiyi T^^^-iratOT nt^w^ i ^ \^ 
20 fabr icated fkem ahnninn m in order to optimally provide drillafaifify of the 
hibricator mandrel 946, 

The hibricator aieeve 948 is ooi^kd to the hibricator mandrel 946, the 
retainer 924, the rubber oqj 926, the ui^ cone retafaw 944, the hx^^ 
948, and the guide 960. During operatkm <rf the apparatus 900, the hibricator 
25 sleeve 948 preferably supports the mbber cup 928. Pteferab|7, the hibricator 
sleeve 948 has a sobstantialbr annular ooss-sedaon. 

The hibricator sleeve 948 may be fabricated frum any number of 
convaitional oammeroaDj available materials such as, for ezan^}le, steel, 
ahimfanim or cast iron. In a preferred embodiment, the hibricator sleeve 948 is 
80 fabricated finm a hnninnm in order to optimally provide diillability of the 
luhrkatoraleeve948. 
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As iQiifltrated in Fi^. 9c, the hihricator alwve 948 is supported hy the 
hibricatormazidrelMe. lliehibrieatoraleeveSiBintiimeiq^^ 
926. Ike xetanier 924 tcnqdes the rubber ca^ In 
a pre&n^ eifibodimeat, seels 949a and 949b are pn^^ 
5 iiiaxidrd946,hd)rieatardeeve948,andnd)berciq>926inor^ 
off the interior n^gbii 972 of the toba^ 

The guide 950 18 collided to tt» lubricata maxidzd 946, the 
andihehibricatordeeve948. Daringoperatkmoftheap|»rattts 900, the guide 
950 preferabt^guidea the apparatus on the support siember 904. Preferab^, the 

10 gaide950ha8&8abBtantial]t7fi>un]]arcro6MQCt^ 

The guide 960 may be Gabricated from aiqr number of conTtmtional 
cQmrnerdalfy available materials audi as, for example, sted, alinniTOtm oar cast 
iron. In a prefiored embodiment, the guide 950 is fabricated irom ahiminum 
order to opthnally provide driUability of the guide 950. 

15 Tlie fluid passage 952 is cou|ded to the mandrd 906. During operation of 
the apparatus, the fluid passage 952 preferably conveys hardeoable fkddic 
TD Pt^aia In a pieferied raubodiment^ the fluid passsge 952 is positioned about 
thecent8rlineofthefl9iparatus900. In a particularty preferred embodiment, the 
fluid passage 952 is adapted to ccmvcQf hardenaUe fluidic materials at pressurea 

20 andflowxaterangbigftomBbout0to9»000p6iand0to3,000gallonaA^ 

the installation of the apparatus 900. 

Tlie various elements ofthexoandrd 906 may be ooiqded using an^ 
of conventional process such as, for example, threaded connections, welded 
25 coTmectifmflor fyw*f^t*^g Tif^apff^tCTgdmhodiinent, the various elenients of the 
mandrel 906 are coupled usingthreaded oomiections and c ementing . 

The shoe 908 prefierab^ xndudes a housmg 954, a bo4y of cement 956, a 
sealing sleeve 958, an extension tube 960. a fluid passsge 962, and one or more 
outlet jeta 964. 

30 Theh0using954i8eoqpledtotbe bod^r of cement 956 and the lower portion 
914 of the tubular menxto 902. During operatiaD of the apparatus 900, the 
housing 954 prd^lty couples the lower portion of the tebute 
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riloe 90S to Ikdlitate the atniBm an^ 

Preferably, the hnwrfng 954 has a snbrtmtialjy annular crogS'«ctlon. 

Hie hoosiDg 954 wtf be &biicated from any sumber of eonvantioQal 
copnaatciaHy availahla materiala mdi aa. for p«i in p]<> , ateet cw n htwiw^im 
5 prefiBriedftmhndimmt,thftboMmg9S^ 

OptmaPy provida AiTlflKilHy /if Iwmitiy pf^ 

In a partieolaz^ imfoExed embodi^^ 
954inchidesoneflPinorepr o truaianatofiriliate 
of cement 956 and fbe houainir 954. 
10 Thabodf of cement 9S6koopplfldtoOiah«ian^ ^nrf fii^ ^nlfajntpfyj. 

958* In a prt^BaT^-mho^mmnt^ thA ft%m|ift«'tiii> the bocly of cement 056 is 
selected to permit the bo4y of cemcntio be aaai^ drilled out uaing conventional 
drillini^ TTi^f4iTT>»^ 9tifT jw'n ri'i ni ifro . 

The composition of the bo^ of cmiait 956 n^y include any number of 
16 conventtonal cement oooqioaitionB. In an alternative embodiinent. a dnllable 
material anch aa, fiar mmple> ahmrinnm or iron may be anhgtitnted fny t> >^ fc^y 
of cement 956. 

Hie mlinff aleeve 958 ia ooq^ to tbe bo4r of cemmt 956» the estenaion 
tabe9G0,tbenuidpa88age962,axHloneormoreoiitletjetB964. Doling operation 

20 aftheapparatiiaSOO^theaBaKngaleewBSSpraBB^ 
hanienable fhiidic materid Ihmi the flDid pacsave 9^ 
and then into the outlet jete 964 in oniertoii(ject the har^^ 
into an annular region external to the tubular member 902. In a preferred 
embodiment, duringoperation of the qjparatua 900, the sealing sleeve 958 

25 iniOudeaaninletgeouMtrythatpermitaaconvcntional^ 

lodgedintbeinletoftheaea&nga]eeve958. In this manner, the Sold passage 962 

may be blocked thereby fhiidic^ isolating the toterior 
memba*902. 

In a preferred embodiment, the aealing sleevD 968 has a aubstantiaUy 
SO ammbrcroes-aection. TheaeaIiiigaIee»e968mvl»iaaicatBd^^ 

of conventional cQmmensialty available matedata sodi a^ for eiample^ ateel, 
a hnanuim or cast irom In a pretend enibodiment^ the aealing aleeve 968 is 



-37- 



fibrieatad firom ahumuim in order to optizziai^ provide driOalnHty of the aeali^ 
8le0ve958* 

The ezteziaiaD tube 960 is coupled to the Bealing sleeve 858. the ihiid 
passage SfiZ, and one or moie outlet jets B64. IXuingf^Mratumoftheaiqiaraftus 
5 900, the egtenaiaii tube 960 pr^enbly is adapted to convey a hardenable flnidic 
material fiom the ibiid passage 9S2 into the fhiidp 

outlet Jeta 964 in order to n^ject the bnrrienable flnidic material hito an annular 
rqjoneaternal to the tubular member 902. In apireferred rrnhndiment, during 
operatianof the a pparatus 900, the sealing sleeve 960 farther indude s en inlet 
10 geometiT that pernuts a conventional phig or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 

thftrby fr^**^ i«ft^Hng »Ka ^T^t^Tinr rm^m aflfi nf the faihnler mmnW 902. In 

a pre f erred embodiment, one end of the extension tube 960 mates with one end of 
the ^>8cer 938 in order to optim^y fadliaie the transfer of material between 
IS two. 

In a pzefierred embodiment, the eztenaion tube 960 has a substantially 
ynmibiy ffP^ffly BCTtion. Tbeeztenslontabe 960 may be &bricetedfiom any number 
of conventional commercially amilable materials such as, for example, atari, 
ahunizmm or cast iron. In a preferted embodiment, the extension tube 960 is 

20 fishricated Ikom f^wn™^ in oxder to cptimaUly provide driDafaiKly of the 
extension lobe 960« 

The fluid passage 962 is coupled to the sealing sleeve 958, the ex t ensi o n 
tube 960. andoneormare outlet jeta 964. During opwationofthe^jparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic mafinialB, In a 

25 pref e x i e d embodiment, the fluid paaaage 962 is positioned about the centeriine of 
thei^iparatusOOO. In a perticulaj^yprefenred embodiment, the fluid passage 962 
is adapted to convfy hardenable fluidic n>f»t^»^ft at pressures and flow rate 
ranging firmi about 0 to 9 ,000 ps and 0 to 3 ,000 gaUonsAnin in order to optb^^ 
provide fluids at opmtionaUy efiOdent rates. 

30 T3>eontletjet8964arBcouplBdtotfaeaBalmg8leeve958,thBeatBnsi 

960, and the fluid passage 962. During opmtionoftfae apparatus 900, ttie outlet 
jets 964 prefmib^ convey hardenable fluidic niatetial frum the flnU 
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tothercgionextatioroftheflnkaxatiis9M^ bsprefened embodiment. the sIxm 
9M indudes a phnUfy of 00^ 

Ihaprefentd CTihodftnent^ tteoatletj^ 
the housing 954 and the body crfcement 966 in ante 
5 ofthe4ii«Btiu900. 

The TBriouB etements of the dioe 908 mjv be ooq^ 
conventional process each «8» for ezampb, threaded wmtt^r tf im j, cement or 
tnachmedfromonei^QfmatexieL In a preferred onbodiment, the vazioua 
e teme n t s of the aboe 908 are coupled naing cement 

In • prefeiied embodtmenL flie aa MTiiVil jr MO k opuraturf ni^ fti^tf fl||y ^ 
de8cra)ed above %tth reference to Rga. 14 
««IIboze or to repeir a fieUbcm casing or pqielxna 

In partfcolar, in onier to extend a wellbora into a eabteiTan^ 
a drill afariog ia uaed in a ^eli known manner to drill out material &om the 
15 aolitenraneanferniatiantofbrmaiieiweection. 

Hie qipaiatna 900 fer fcmniag a vaQbore casing in a aubtemaiean 
fornmtioniathenpoaitfonedintbenafwaedianoftbeweDbore. Ihapaxticula^ 
imferred emhodiwrent, the agparatna 900 inchidee the tubular memb^ 91S. Ina 
prefened emhodhnent ^ a hardenabh fluidic eaaling bardenable fhiidie sealing 
20 ntateiialia then putnpedfhmi a eozfeoe location in^ Hie 
hardenablefli iidir a ffaHn g m a teri a l t hm n aaan ai hu u thaflnjdpegeey ftlft h^tr^thm 
interior region 966 of the tobolar member 902 belovr the mandrel 906. Ttyt 
banienaUe ihiidic aealing material Oen passes Ihmi 

the fluid paaaage 962. The hanlonable fhiidic eeaKng material then exits the 
26 apparatoa 900 via the outlet jets 964 and fflla an annular region between 

exterior of the tubular member 902 and the interior wan of the 

wellbore. O cm timifld ptmpingftf tiiA bf m ^f m a Wftfhridi r n ftnl ^ ^n^ftrothg 

material to flU up at least a potion of the 

m hardenalde fluidk saaling niaterial is pic&r^ 
90 •mmlirwgknttpi'OMuiuaaiiditowiatesmBgtofcferea^^ 

S,OOOpaiaiidOtol^g«Ihiimfatn. rapetH^tfy, IkapratendBiibodiineat^tfae 

hcdMMbb fhrirtirBwtliTi g Tnatwi alkpaiBiwdi^ 
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and flow rates ffaat are deaigned for tba apedSc weUbore section in order to 
optfanise the displacement of the haxdenable fhxidic sealing material iHiile not 

OTwaHng liigh wimigh nvmhttmg pr^wiitiftft that <*i rmibitirt|> THlght hf* loct BUd 

that could caufie tiie wellbore to ooUapse. The optimum pressures and flow rates 
5 are preferabfy detennined using convmtional empirical methods. 

TbB faardensible flnidie sealing material may eomprise any nomber of 
conventional commercialty available hardenahle flnidie sealing materials such as, 
for ezamide, slag vdx, cement or epoay. In a pxeferred embodiment, the 
haidenable ihiid'f a^yrng material co m prises y^tfff^ cements H A g^wMt 
10 ipedficaltf ibr the weD section being lined availabie from HalUboiton Bnetgjr 
Services in Dallas* TX in order to optimaltr provide support to 
memb^ vdiile also "nmhitnlning c^jtimal flow characteristics bo as to minimize 
operational diflRrailtiea during the diq)]acement of the cement in the ^^^^t^y 
region. l%e(^)tinnnn composition of the blended cemm^ 
15 using conventional empirical methods. 

The annular region preferablj is filled with the haxdenable floidic sealing 
material in sufBdant quantities to ensnre that» upon radial expanaion of the 

♦itKnIay wMmih^r Q(V?. ih^ otiTititiir on t\f tlv» tict ■Prtimt ftf Aft wftlThoirft will he 

fiHed with haidenable material. 

sealing material, a phig or dart 974, or other similar device^ preferably is 
inlzoduoed into the floidpsssage 962 thenl^fltiidicly 

966 ofthetubolar member 902 froimti&eead^ Inapiefierred 
embodiment, anon haxdenable ihiidic material is then pnmped into the interior 
26 region 966 cansing tike interior region 966 to pressurize. In a partienlai^ 
preferxBd embodiment, the plug or dart 974, oroCher similar device, preferably is 
introdnoed into the fhiid passage 962 by introducing the 1^ or d^ 
flimiiiiy device into the non hardenahle fhndie materisL In this manner, the 

30 isminimised. 

Once the interior region 966 becomes suffidently pressurised, the tobnlu 
member86Q2and915areesctrudedoffofthemandrel906. Hie mandrel 906 may 
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beiSxedoritmaybeigpnndiMff. Dazing the estniaiosipEOoesB^ the maiulre^ 
is raised cut of the e^miM portUnis of tiie 
tfae8uiiportiBember904. Dotiivtl^estriifikmpziioe^ 
cab8tantta% statianazy. 
5 TlKe]»higordait974i8pre&ndb^phoedixtf^ 
introduingtfaephigordart 974into tte 

a coarvaitiatisl manner. The plug or dazt 674 ft^p riB g any twwii^ Qf 

^^Ik Wrhtlnnftl niHliHIP'P eial^ aiMilfthlA lignift^fefr plwggh^ a flwiH pftttg^^ m ffh aSt 

far example, Molt^ Stage CBmenter (MSC) laldHioim plog; Omega latch-down 
10 idug or thiw»wipgrlatA down phig modified fa aooordai^ 

the present disdosure. faaigefbrwimnhodTinrnt.thapingordartfl7Ac^ 
a MSG latch-downphig available fiomHaUibuzto 

After placement of the plug or dart 974 fa Oe fluid passage 962, the 
bardenable fluidie material is pxebntify pvaxpcd Into Urn faterior region 966 at 
15 pressuim and flow rates ranging from approximate 600 to 9^ 
3,000 gaUonatem in order to optimal^eztrude the tubi^ 
ofitof the mandrel 906. 

Far typical tabular members 902 and 915, the «tr«giffn of the tubular 
mamhara 90^ and BlIS nff «f tha ^«p«wul»KUi Tr'^^r"* *FhfP th ff pntBffiirP 

20 of the interior rogioo 966 readies sppraximafa^ Inapratexed 
embodiment* tfaee»trnaianoftaietn hnlarmimihm SQ2anafllK 
906 begins when the preasuie of thaintariorxegion 966 reaches appsoxinmie^ 
1,200 to 8p500 psi with a flow rate of about 40 to 1250 f iiftn^y miir^t^ 

During the extrusion process, the mandrel 906 may be raised out of the 

25 e xp an d ed portions of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 6 ft/sec. Inapreferred embodiment, duringtheertniskm 
process, the mandrel 906 is raised out of the expended portions of the tubular 
members 902 and 916 at rates ranging from about 0 to 2 ft/sec in order to 
optimaUy provide puUhig speed &8t enou^ to permit efiSdent operation and 

SO permit em eqnnaion of OietulndarmembezB 902 and 015 prior t^ 

bardenable flnidiB sealiEtg material; but not so ikst that timely adjustment of 
operatfagparametors duringoperstiott fa prevented. 

-41- 



When the upper end partiozx of the faihwlar member 915 is extruded off of 
the mandtd 906, the outer surface of the iQiperet^ 

916 will preGerebly eontaet the interior eurfiafie of the lower end portian of the 
existingcadngtoforaanfinidtic^overiai^^ The ecmtact pressure of the 
5 overlai^aitfjomtiBfl^taDgeiforexai^^ 
e preficned crnhndnneiit, the ooDtect pressure of the ovedqppongjoint between the 
iipper end of the tabular member 915 and the eriBtmg aeetkm ^ 
ranges film qpprqodmatdt^ 400 to 10,000 psi in order to opti^^ 
pieamire to ectitate the sealixiffmemben and provide 

10 thetulmlarnwmber9158ndttd8tingweIIborecasincwiUcar7 
oomprsasive load& 

In a pre f erred embodiment^ the operating preseure and flow rate of the non 
hazdensyble flnidic material will be oontztdlab^ ramped down when the mandrel 
906 reaches thfi upper end portion ofthe tubular meiDber 915. In this manner, the 

15 sudden release of pressure caused by the complete extrusian of the tubular 
member 915 off of the expandable mandrel 906 can be mhilmifed. In a laefierred 
embodiment, the <iperating pressure is reduced in a substantial^ Imear ftahkm 
ftom 100% to about 10% daring the end of the extrusion proceaa beg™ 

thft Tnmrfrri ^ i»nwnp\mkjtA »nym»{™>tA^ ftll hut ahomt tha lagfc fi fiMt flf the 

20 extrusion procesB. 

In an rftemali ve pivfeiied fimhodiment, the operatingpresBure andA>r flow 
rate ofthe hardenable fhiidic sealing material and/or thenonhardenaUe fhiidk 
niaterial sra eontroDed during aU phases of the operation of the eq^^ 
minimise gh^M'fc' 

25 Ahernativi^,orincambmation,a8hoekab80iberisprovi^ 

member 904 in order to absorb the shock caused by the suddra release of presBs^ 

Altemativeli7i or in combination, a mandrel catching stnutore is provided 
above the airport member 904 in order to eatdi or at least decelerate the mandrel 

906. 

30 Once the extrusion p roces s is completed, the mandrel 906 is removed ftom 
theweObore. In ^ | i. ^fai t »> ii m«Kni«ifMmt ^ wtwiwrfhyftttpafl»th»Miio^ 
mandrd 900, the integri^ ofthe floidk seal of the overliving joint between ^ 
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iQjper portion of the tubular metnber 915 uu^ 

casiag is tested wiiigooaventioi^ Xftfaeflnidicse&lQftbeoverlqqi^ 
joint between thei^iperportian of the tubular member 916 and the lower portion 
of the existmg casing is iwt i sfsrt my^^^ttMn the tmcored portion of ai^ of the 
5 hflxdenableifaiidiceealingmaterial within the 
then removed in a ooDVBxtumal manner, TiwtMT^^f^if f||||||^ fmling^flt ftr ifll 
within the ammlar region between the seqttnded tubular member 915 and the 
existing casing and new section of weUbore is then allowed to 
Prefaabiyaiy remaining cored hardcnahlefhiidicsea^ 

10 the interior of the e]9andedt&bnlarmembera 902 and 916 is thmren^ 

coPTgnt ion s l msnpftr usroga oonrottonsl drill atring. Tberesoltfaignewsection 
erf casing preferably includes tl» expanded tnbularmsn^^ 
outer annular lagrex of cm^edhardenablefhiidkseal^ rj^ j^^^ 

portion of the qyparatns 900 con^nisiQg th^ 

15 drilling out the shoe 906 using oonmitional drilling meth^ 

In an alternative embodiment^ during the eztnuion process, it may be 

necessary toremove the entire apparatus 900 firom the interior of the wellb^ 
toamalfimdion. Ih^dacirffninrtHfiw^a<mwmrimaitf»T4i|gt|.fa^ 

oat the interior sections of the ^^peratw 900 in order to fiidUt^ 
20 the remaining sections. In a prefiBExedendMdiment, the interior elemente 
qn^ratos 900 are iSdmcated fiom materials sodi a^ 
almnimmi, that permit a conventional driD string to be enqilq^ 
interior oon^xments. 

In particular, in a preferred embodiment, the composition of the interior 
25 sections of the mandrel 906 and Aoe 908, bachiding one or more of ^ 
cement 932, the oacer 638, the sealing shave 942, the up^ 
the hihricator mandrel 946. the hibricator sleeve 948, the guid^ 
954, the bo4y of csEmant 956, the sealing deeve 958, and the exto 
are sdected to pomit at least aome of these eomponenta to be drilled out us^ 
30 conventional drillingmethods and apparatus. In this manner, in the event of a 
maUbnction downhde. the apparatus 900 mqy be easier removed from tfie 
weHboieL 
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Referring now to KgB. 10a, 10bpIOc,lOd, lOe, IQf; and lOg a method and 
appaotataa for creating a tie*back liner m a wdD^ As 
flhuttated in Fig. LOa, a i?eIlbore 1000 poatkmed in a subterranean fonnation 
1002 includes a firat casing 1004 and a aecond eaaing 1006. 
6 llw firat casing 1004 preferab^inehides a tubular 
annuhialOlO. Tlieaeeond casing LOOOpxefiarablyinclndes a tobi^ 
and a cement annuhis 1014. In a pi e fa ned embodiment, the aecond casing 1006 
is formed by eipanriing a tubular member substantiBUy as described above with 
refe renc e to Figs. l*9c or below with refoence to Figs. llarlU 

10 In a particalariy tuefeit e J emb odiment , an upper portion of tte tnbniar 
liner 1012 overli^ with a l uw ei purt ionofthetnbularBnerlOOS. InaperticQlarly 
lirefen ed embodiment, an outer sorface of the opper portion of the tabular Uner 
1012 inchides one or more sealing members 1016 for providing a fhiidic seal 
between the tubular liners 1008 and 1012. 

15 Referring to lOby in order to create a tie4ia^]iner thai eatau^ 
the overlflf) between the first and second casinge, 1004 and 1006, an iqp p a r ataa 
1 100 is preferably provided that inchides an e^mndable mandrd or pig 1105, a 
tubular member 1110, a shoe 1116, one or more cap seala 1120, a fluid passage 
1130, a fluid passage 1186, one or more fluid passages 1140, seals 1145. and a 

20 support member 1160. 

Tbe tipimilsfrff mandrel or pig 1106 ia coupled to and scqpportad by the 
nq)p(nt member 1160. The eqiandahle mandrel 1105 is preferably adapted to 
ccmtroUably ej^mnd in a radial direction* The f^^i^KU niandrel 1105 may 
comprise any number of conventional commercially available ea^andable mandrris 

25 modifiedinaccordancewiththeteachingsofthepresentdiacl(»ure.InaiR^^ 
embodiment, the e^Mndable mandrel 1105 compriges a hydraulic expsnston tool 
oii KgfaiTiHjiny as disclosfd in UJS. Pat. Na 5,348,095, the discl o su r e of is 
incorporated herein by refeience.modified in accordance with the teachings 
present disclosure. 

SO The tubular member UIO is coupled to and supported b7 the eapanddde 
mandrelllO&. The tnbulsrmendier 1105 is eqjianded in the radial direction and 
extruded off oftheoqMmdable mandrel 1105. ThetubularmemberlUOmaybe 
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fabricated tctm uny number of matmnln ggch 9b» fcr example, Qilfidd Countiy 
TUbiiIar(teods»13ebzoiiiiiimtl^ hiapreferriid iwnhnHi'wm>nf 

the tobdar member 1110 13 fiJii^^ 

The xmier and outer diameteiB of the tubular me 
6 example, fixnniq^irtndmate^ 0.75 to 47 
In a piefeiicd emhodiTTient, the inner and outer diameteara cf tb» tnhnW imwwW 
1110 range fixmx about 3 to 15^ iiHies and 3 J5 to 16 inch^ 
to optimaDy provide covgrage for typHul nilfi aM wiping p^pg The tubular member 
1110 piefisrab^ oompriaea a aolid member. 

10 In a prafenedf tmhodime nt, the upper end portion oftfae tabular member 
UIO is ak4ted» perforated, or otherwke modified to eatdi or slow down the 
mandrel llOS whan it oompletea the eitzuaio&<rf' tabular membtf In a 
prebned embodinunt, Uie length of the tubular member 1110 is limited to 
minimiseOiepoaaibilxtyofbttdding. iV>r ti^Jical tubular member 1110 materLJs, 

16 theIengthofd>etobnlarniemberlll0iapnfa8bl7B^ 
to 20,000 ftet in length. 

Ilw shoe ltl6 ia ooiqded to the e^andabte mandtd 1105 and 
member 1110. llieahoellieitichideatheflnidpaaaagBllSS. TheahoellUmiy 
compriae any number of conventional commerdaUy available aboea such aa» for 

20 mmpte^SuperSeainfloatdioe^SiqierSeainDo^ 

with a aealm^ sleeve for a latch down plug modif&ad in accordanee witti the 
teachings of the preflentdiacioaure. In a pr eferr e d embodiment, the shoe lllS 
comprises an ahmiimun down-jet guide ahcie with a aeali^ 
phig Witt side p<ttt8 radiating oflf of the erit flow port available from 

25 EMrg7 Service in Dallas TX, modified fa acco^^ 

present diadosnreb in order to optimal^ guide the tubular member 1100 1^ 

overlapbetwDnthe tubular member UOO and theeadng 1012, qpt^^ 

isolate the interior of the tabular member 1100 after ti^ 

aeated, and optfanal^ permit diillxng out of the shoe m6 after comply 
30 Mpawftiftti attii flwffwaw^y T^^Tfltitmj, 

lnaiirBfieCTed embndfmimt ,tl»rfififliiiK fa^ 
portalliOiniluidiceommimieationwiatheihiidpessagel^^ Infliamanner, 
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jAoe 1115 and toIralarineiDber 1110. Inafxrrfmcdeznbodiixie&titbadioelllS 
indndes one wmore of fte fhtM passages 114^ 

can xeeehre a dart and/or abaBsealh^maai^ Inthisniamier, the fluid passages 
5 1140 can be sealed ofllvistrodtidDgaphig, dart aiul/^ 
the fluid passage 1130. 

The cup seal 1 120 is ooupied to and supported by the 8iq>port inm 
The ci;^) seal 1120 prevents foreign materials from 

the tubolarmeinber 1110 acljacezttto the expandable mandrel 1105. Theeupseal 

10 1120 may oompriae any number of conventkmal conuneraally available cxtp seals 
such a8» for exan^de, TP cupe or Sdedzve Iqjeetioa Pli^^ 
accordanoe mth the teedringw of the present disclosu r e. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cap, available from Halliburton 
Energy Services in Dallas. in order to optimaliy provide a barrier to debris and 

15 eontam a body of lubricant. 

Tbe fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the eipandahle 
mandrel 1105. The fluid passsge 1130 is coupled to and positioned within the 
support member 1150 and the npandwhle mandrel 1105, The fluid passage 1180 

20 prafeiably extends from a poaitian adjacent to the surfisce to the bottom ^ 
e^andablemandrdllOS. ThefiuidpaBsage 1130 is prefiBrabtr positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to traisqport materials such as cement^ drilling nmd or ^mzies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi 

25 to optionally provide sufficient operating pressures to drcolate fluids at 
cqperationally effident rates. 

The fluid passage 1135 permits fluidic materials to be transmlttMftt^ 
passage 1 130 to the interior of the tubular member 1 1 10 bdow the mandrel 1105. 
llie fluid passages 1140 peimits fluidic materiala to be tnm^Kicted to azid 

30 from the r^ion exterior to the tubular mendber 1110 and shoe 1116. The fluid 
paasages 1140 are coupled to and positioned within the ahoe 1115 m fluidic 
oonununieation with the interkir region of the tubular member 11 10 betow the 
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fapaniiabl^ mAzidiel 1106. TbB jQidd passages U40 pnterahiy have a cross- 

passages 1140 to thereby block fuzther passage of flnidie materials. la this 
maxiner, the interior region of the tabular member lUO below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region eztexior to the tubular 
member 1105. Thispezmhtiheintariarnviimd'thetnba^ 
the gqfflndable mandrd 1106 to be preBsurised. 

The fhiidpasBages 1140 areprefoablb^ positkmadalongthe periphexy of the 
shoe 1116. 'Die fhdd passages 1140 are prefenh^ sel e cte d to convey materials 
10 sodiascemrat, dxiUingnmd or posies at fkwrates and pressure 

about 0 to 8^000 galkmi^innte and 0 to 9,000 psi in oitdsr to optimally fiU the 
annnlar regicm between the tubular member UlOand the tu^ 
fhndie materials. Tn • ftr^mrmA mfmU^MVtu^^^ t*yt ffiiM peiwagpfr IMP indndo nn 
inlet geometxy that can receive a dart and/or a ball sealing member. In this 
15 maimfir, the fluid passages 1140 can be aealed off I^^ inlrodueing a plug, dart 
aa^or ball sealiog elementa into the fluid paassge 1130. In a preferred 
embodiment^ the qparatos 1100 indndes a plurality of fhoM 

in an aUexnative embodiment, the base of the dme 1116 indndes ^ 
inlet passage coi^[ilBd to the fhiid passages 1140.tbBt is adq 
20 orotber ahnilar device. topermittheinteiiorrBgionarthtttttbDl&rmena^ 
to be fhndiety isohded from the exterior of the tubular membv 

The seals U45 are cotq^ to and supported a kmer end portion of the 
tubular member 1110* The seek 1146 srefbrtherposHioned on an outer surfa^ 
ofthe lower end portion ofthe tubular member 1110. The seals 1145 permit the 
25 overlappingjointbetmentfaeiqppereiidportkmofthei^^ 
eodportioiioftfae tubular member UIO to be Chii£(^ sealed. 

The seals 1145 m^ comprise any nnmbcr afcooventioiul eommerdallly 
available seals sudi as, for caanudaLkad. rubber. Teflm 
in accordance with the teanhhigB of the present disdosnie. In a prefexied 
30 emlKidimmt ^thesealsll45cD mnriHB HiwlB miJdedlbm8faatal<w*flpiw y 
from BUHburton angy Services in Dall^ 
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to withstand the range of typical tensile and campxemm loads. 

In a p r rfe ritri emhodinmn t , the seals 1 14S are setected to optiaia% provide 
asiifBdantfirictionalftice to scyport the npandrd tiibular member 1110 from the 
6 tubtilarlixttrlOOS. Inapreferx€dend)odunent>ti^ 
seals 1145 ranges from about 1,000 to 1,000,000 Ihf in tension and compreaaon in 
oorder to optimally siQjport the expanded tubnlar member 1110. 

Thm support member 1150 is coupled to the eipandable mandrel 1105» 
tubular member lllOj Aoe 1115, and aeal 1120. The siqxpoit member 1150 

10 preferably comprises an annnlar member hsTOigsoffiri 

apparatus 1100 inl6~^ #dIboni 1000. In a pn e feii e J rtmborfimmt, the eupport 
member 1160 flirther indndee one or more conventional centraHsefs (not 
ilhistrated) to he^ stabilise the tabular 

111 a ptre&ned embodiment^ a quanti^ cdTlubticant lU^ 

15 annular rogion above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the eaetrosiDn cf the tubular member lllO 
off of the eipandaMe mandrel 1106 is ftedlitated. The lubricant 1150 may 
conq;>risB any number of conventional commercial^ availsblB lubricants such as, 
Ibr f^g^^'ftpi**^ ty^ ^fjplfitA^ chlorine baaed lubricants or 1500 Antiseixe (3 100) . 

20 Inapre£iaTTedembodxm<nt»flxehabricantll60compriaesCli^ 

(3100) available from CUmax Lubricants ai^ Equipment Co. in Bouston. TXin 
order to optimaUly provide lubrication for the extrusion process. 

In apr^erred embodiment, the support member 1150 is thorough deaned 
prior to assemb^ to the remaining portions of the ai^Muratus 1100. In this 

25 manner^ the fartrodnctionof foreig n m a ter ial into the apparatus 1100 is minimiied 
IUb wwSnitTWMMt the poaalUIity of foreign tnataial dtogging the various Ikiw 
passages and vabes crfthe apparatus 1100 and to enaare that no fore%n matet^ 
teterftiea with the eipanaon mandrel 1105 during the estznsion process. 

In a psrticulaily pr e f erred embodhnmt, the a|ypaE«tus 1100 indudes a 

SO paclmr 1155 oonpled to the bottom sectbnofflm shoe 1115 for ihu^^ 

ther^ionoftheweinxmlOOObeloiriheappaxfltaallOO. In thia manner, flnidk 
xaaterials m prevented from entering the region of the wellborn 
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ttppantas 1100. The pecker 1166 may eanrprise aiiy natnber of conventioxxal 
oomnierdally available padmn such as^ fiyr mniple, EZ Drill Packer, SZ SV 
Packer or a driBable cement retainer. Li a pteferred cmibodiment, the packer 
1156 comprises an EZDriU Packer available from EaUibur^ 
5 I>aBafi»TX In an atteniathm embodiment, a hi^ gd itrength 
belovtbetie-backinpIacecfthepBckerllSS. laanother alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodxnient, befia« or after portioning the appar^^ 
within the weObore lIOOtaooupleofweUbcKBvoInmeaarecixcalatedinoida'to 
10 cpsoie that no fiirrim niatm4 a1a are located witfamt^ 
dog up the variooa flow paaeacea and vahrea of tiw qppa^ 
that no foreim material intarfaraa irfth the np^ation of €hm m>xpm ri^ twjift^ l 
1105. 

Aailhistratedinl^ lik;, ahazdenaUefin^ 
15 punqpedihmi a suiimkGation into the fluid paaa^gelim^ The material 1160 
then passes from the fluid passage 1130 into the intezior Teg^m of the tubular 
mirnhm' 1 1 TflhwirwtiiftOTpflwiaiiUTnuwi^frfi The material 1160 then pasBes 

from the intarior TPgitm of thft failwlifcy wMwuKfr T ^ 1 fatfT the fhrid pammgUi 1 HO 
The material 1160 then exits the apparatus 1100 and IQla tiie ammlar ngion 
20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continnedpun^angoftbe material 1160 cauaes the material 
1 160 to fill up at least a portion of the ttwiiifty region. 

11»materid 1160 may be pumped into the ammlarx^ion at jmssu^ 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 ga llon a ftnin, l eapec tiv ejy, Inapxtfbmd«mbod]ment,thematmalll60ispumped 
into the annular legion at preesnsea and fkMT 
cadng alaea being xan» the anoular apaees beinc filled, ti^ 
availdde, and the impertieB of the fluid bttngpun4)ed. The optinnim flow rates 
and preesuiea axe preferably ftiTmlatM using cflBvmtaimal am pin ral methods 

SO The hardenaMe fluMic sflofing material 1160 miy comprise any number of 
conventional commenaallv available hmrAmnAU flitws^ 'rr^c matitrialit Biirh an, 
fbr ezanqde, elsg mix, conent or epaxj. In a pra fmeJ embodiment^ the 
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hardenablafhaidicaeaUng material 1160 comprises blmded cements gpedficaBy 
designed fior well section bemg tied-bad^, available from Halliburton Energy^ 
Services in Dallas, IX in order to optimaUy pirovide 

"y*TwH»r ? ^ ft »>^«<> maiwffiffiing fiptimiim flaw rKarwrteri^tigK aft M tft minimise 

lbs Optimum blend of tbe Mwidffi canents are preferab^ determined using 
conventional erapiric&l methods. 

Tbe annular region msy be filled wxtb the materiel 1160 in sufficient 
quantities to ensure that, upon radial ezponaon of the tubular member 1 1 10. the 

10 aomilar region will be filled with material 1160. 

AaOlustxatedinFig. lOd, once thftarniTilarrfgrnnhiM been adeqaatelyin^ 
with material 1160, one or more phigs 1165^ or oOier mnilar devices, prdbrably 
are introduced into the fluid passages lliO thereto fiuididy isolating 
regUm of the tubular member 1110 fkomfhe anmiiar region eitemal to ^tubular 

15 meniberlllO. Inaprefeiredembodfanent>anonh«Tdffl«btefliifdicmaterialll61 
is then pmnped into tte interior n^on of tbe tubolar member 1110 below the 
mandrel 1105 cauongtbainteriorregionto pressurise. Inapartieulariyprdtered 
embodimeot, the one cff more phigs 1166, or other simibr devices, a^ 
into the fluid paasage 1140 with the introduction of liie nan hardenable floidie 

20 ■wfaw^al Til tliwi wMmTMur^ tha Mnoimt of hardflosble flnidic material within tbe 
interior of the tabular member 1110 is minimised. 

As illustrated in Fig. lOe, once the interior Ttf^xm becomes sufficiently 
imssurized, the tabular member 1 1 10 is extruded off of the expandable mandrel 
1105. During the eztniaionprocesa, the ezpandabte mandrel 1105 is raised out of 

26 theexpandedportionof the tubular member 1110. 

Tbe plugs 1165 are preferably placed mto the fluid paasegea 1140 by 
introducing tbe phage 1165 into tbe fluid passage 1130 at a surfim locatim 
conventional manner. The plugs 1 165 may corojirise aay numhw of conventional 
commercial]^ availabte devices from plugging a fluid passage 

30 brass balls, plugs, rubber balls^ or darts modified in accordance with the t eftchfagp 
of the present disdosore. 
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In a pxefmed «nbodiment» the plogB 1165 comprise low density robber 
balls. InanatteniativveinbodimentiforaBboellOShra^ 
inlet passeee, tlie phi0i U66 ooopciBd a 

After plaoemeot of plugs 1165 in tiie fluid passages 1140, the non 
6 hnrdenaWp fluidfc gaterial 1161 is p^Bfe^ab^y pumped into the Interior r^ion of 
the tabular member 1110 beioir the mandrel HQS at pressuzes snd flow rates 
ranging from approiimatetyfiOQ toft.OOOpsisiid 4QtD a,OQQ git]]ft««Mni« 
In apreferred embodiment after placement of the pings llfiS in th#i fiirii j i pA^ p^^ g^ 
1140, the non hardmshle floidic matoial 1161 is preferabty pumped into the 
10 intericgr^famrfthe tabolsr member mobekiw the mei^^ 

emd flow rates ranging from aHiwiihu a tet f 1200 to 8500 pei and 40 to 1260 
gallonsftnin in order to optfansHy proyide extnimrm rf lypfeiil taiKiilji»5» 

For topical tubular meobeis 1110^ the '^»*wF?'>n of the tubular member 
1110 off of the eipandiibte mandrel 1105 will b^ when the jsessure of the 
15 interior r^ionofthetidmlar member 1110 below titenum^ 

eiample, appraamate^ 1200 to 8500 psL Li a pieferxed embodhnent, the 
CTtnisian of tte tubular member 1110 off of tiia i»«pM5 ^ ^^% msndxel 1105 begins 

the pressure of the interior of tbe tubular number 1^^ 
mandrd 1106 reaches sppnsdmats^ 1200 to 8500 psL 
20 DtniiiKtbesitrnaionpnioeaa^theeqiandabtemandr^ 

out irf^the espa ndad portion of the tidmlar asmher 1110 at rates ranging, for 
frample , from aboutO to5 ft/aec. JnaprriSsrredemliodimenttduringtfaeertrusion 
process the ezpandahle mandrel 1105 is raised out of the expanded portion of the 
tubularmeniberin0atrate3rangingframabout0to2fl/8ecinordertooptu^ 
26 l^ovide permit a^^istment of operatkmalparamstars, and op 
the eztrusian process wiU be oomjdetBd befim tiie material 1^^ 

In apndeired embodimsnt, at least aportion 1180 of the tubular mo^^ 
UlOhasanxDtemaldiameterlssBauutheoutBidediameterofthe mandrel 1105. 
In fliis manner, wfam the mandnd 1105 «pmd» tha aMtfam iiao nf th^t t^^far 

80 nwmber 1110, at least a portion of tiisaqMiidBdsectiflBllM 

atleasttliewdDMneaiiQglOU. Inaiiartlai Ui^y |M i iliM . H . i »,i.^fc,.-<. t^^^^i 

ia«Sbeted1grcompcMalnfftliaanbl016beewMtt^«qNmdfidNetian USOand 
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tbeweIIbareeBazigl012. In a preferred exobodiment^iiie contact pmsuxe^ 
joint between the f Trpp^H section 1180 of the tubular member UIO and the 
rtumg 1012 raoges from about SOO to 10,000 pel in order to optimally provide 
pr ^gg^ to f*;*avate tb^ murnhgra tliS and proyidg optimal renatance to 

5 ensure that the joint wiOwifhatandtgnfacalex^ 
loads. 

In an aHematxve preCBri e d aadbodmienti substantially all of the entire 
length of (he tubular member 1110 has an internal diameter 
diaioeterofthe mandrel 1105. In this manner, extrusion of the tubular member 
10 1110 b7 the mandrel 1105 reeulta in contact between substantially all of the 
eipsnded tubular member 1110 and the existing casmg 100^ Inapiefiemd 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the casings 1008 and 1012 ranges fhim about 500 to 10,^ 
in order to optimally provide pressure to activate the sealing members 1145 and 
15 pnmdeoptimalresistancetoensurethfltthejointwiUwilhstandty^ 
of tensle and compressive loads. 

In a preferred emboflhripnt, the qsexating pressttre and flow rate of the 
material 1161 is controUabbr ramped down when the e^aandabk mandrel 1106 
readies the ivper end portion ofthe tubular member 1110. In this manner, the 
ao m w M ftr release preasure caused by the complete estmaion of the tabular 
member lUO off ^ the capendeWft mandrel 1105 can be minlmixed In a 
pt^cmi eoibodiment^ the operating pressure of the fluidic material 1161 is 
reduced in a substantially linear feshion from 100% to about 10% d 
of the extrusion process begimiing when the mandrel 1105 has completed 
25 qiprazimat^ all but about 5 feet of the extrusion process. 

Alternatively,orincomblnatim.adK)ekabsoiberi8provi^ 
member 1160 m order to absoib the shoc^ caused by the sudden releaae of 
pressure. 

Alter mili v ely , or in combination, a mandrel catching structure is providsd 
SO tathenpperendportlonorthetobularmemherlllOinorderto 
decelerate the mandrel 1105. 
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Befetrinif to Ilg. lOf^ onoe the txtcaeim process is f*i«ipUti>yt^ the 
fTiimndBWe mandrel 1106 is remored from tba wdlboie lOOQ. In a prefenvd 

the iaUigoky of the flnidie seal of the joint between the upper porticm of the 
S tubiilarnieniber lllOandtiieiqiperpailaonof ^ 
iising conveoitional methods. If the floldfc seal of the joint between the i^iper 
portion of the tabular member 1 1 10 and the npper portion of the tubular 
1 008 ifl satiB&ctOEy, then the uncuzed portion of the material 1 160 within the 
ffrnsTidpri tabular member lUQis than jwanowftd in a eftiwBn«ftn<il yw%»^f^mf 

the tubular liner 1008 is tiien aDomd to omre. 

As ittoBtrated in Fig. 1% preEsrab^ ai^' reniaining cured matoial 1160 
within the interior of the cnpimrtffd tubular member 1110 is tlm removed in a 
eonygntiftnal Tnannftrnflity a flmwwnWniMl AmW tMng The rmilting tie-back Un^ 
15 of casing 1170 inchides the mpirfed tnbnlar mflmber 1110 mil mi tmtm^ unmUr 
la^ 1175 of cured material 1160. 

As iUustratedin Fig. lOg; the remainiogr bottom portion of the apparatus 
1100 comprising the sine 1115 and pacfcar 1155 is flwa preferaibfy removed bfy 

drilKny ont the ahoa lllS mJ paAwp 1 1« ntAng <*Ati-« *rfi«ftiial rfpSllh^g ma ^h^ ff 

20 Inapertlcnlartsrpie&iedeBBibodimeot^tfaeqfMratu^ 
the apparatus 900. 

ReferriniTZMw to Figs. lla*llf;an embodimetnt of an apparatus and 
for hangix^a tubular liner ofTc^an existing wellbore caahigwiD now be descri 
As iliustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
26 formation 1206. The wein)orel200indQdesaneadstingatted^^ 
a tubular casing 1216 and an smmlar outer lagwr of cement 1220. 

border to ezteiid the weQbore 1200 into the subterraneanforination 1205^ 
a drill string 1226 is used in a imll lmn»«m mirtTi p>r in AM rytit m ntgmw»] fy^ thf^ 

subterranean forniation 1205 to fiMrm a iisw aection 1280. 
30 AsilhiatratedmFig.llkanspparBtnsl^farfhrmi 

in a subterranean fiMrmatioii is then portioned In the new seetira 

WeUborelOO. The apfmrmtoA laOQ YtrmfknMy fanlwlaf mmpaw^AMm. ^ 
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pig ISOS, a tubular member 1310, a shoe 1315, a 

1830, a fluid passage 1335, seals 1340, a support member 1345, and a wqier plug 
1350. 

The eipaiidahle mandrel 1305 iacoiqrfed to and supported 1^ the siqiport 
S member 1345. The expas2dablemandrd 1305 ispieferablj^ 
expand m a radial directuHL Ihe eipandaWe mandrel 1305 m$j comprise aiqr 
number of eanvpntinTial commerdally avaOaMe expandable mandrels modified fai 
accordance with the tftachrngs of the present disclosure. In a preferred 

10 sobatantialbr as diadoeed in U£. Fat No. 5.348,095, the disdoaore of which is 
inc or p orat ed herein reference, modified in accordance witt the teachfa g a of the 
present diadosure. 

nie tuimlar member 1310 is coupled to and supported 1^ the expanded 
mandrel 1305. The tubular member 1310 is preferably frpanded in the radial 

IS direetionandactTudedoffoftbeeqpandalftlemandr^ 

1310 may befabricatedfirom any number of materiab auchas, 

Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 

easing. La a prefetTedemlx)diment,tiie tubular member 1^^ 

OCTG. The imiier and outer diameberaafthfttaihularmemberl310miyrange,ihr 

20 examide»ftamapproiimate^0.75to47indie8andl.05to48ind^ 
In a pveteted embodiment, the inner and imter diameters of tlie ti^^ 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to Dptima%prov idfr minfrnal t rie a m pingrfTect inth e most c om n OT ily e nc oun t e r ed 
wellbore fixes. 

25 In a preferred embodiment, the tubular member 1310 includes an iqiper 

portion 1355, an intermedlBte portion 1360, and a lower portion 1365. In a 
pre&r3«d mbodimait, the waU thickness and outer diameter of the upper 
1365 of the tubular monber 1310 range from about 3/8 to 1 M indiea a^ 
16 inches, reepectively. In a preferred embodiment, fhe wall thiekness and outer 

80 diamfterf>fthf ^tr™"'^«>**>pft''*'"« IjtfairYfthfttuhpUrmmihflrlSlOrangBfrom 

about 0.825 to 0.76 inches and 3 to 19 inches, respectively. In a prefiscxed 
fmhodimffPt, thg wf P th?rTmfftft md n^f^ Aitmt&tff rf iniaer pnrtMm tafiS of 
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thft faihnUr mftmhgr 1 j>1 ft rrnng^ fW»n alwrnf fl/tt *ft 1 g wirliftg anil jlK ] ft jnHlpg, 

reapectivdbr. 

In a particular pieSsned embodixDent^ the wall thirbim of the 
inta mwii a te aeetianaSBOafflatiA^ 
5 wan thickpess of the upper and tower aecBoPii 1855 and 13S5» of fhe tubular 

tfiPfffnhgr laiQ in nrAmr fen npHiwftTly f>f>ai*fai«i»lnlHftti^ IT^t^f fTtTOIBOn prOCOaC 

and optimally pmntt the piacfmrnt of fbe appazatua in areaa of the wdlbore 

having ti^ dearaneea. 

The tubular menber 1310 preferab^ conqsiaea a aoUd member. In a 
10 p re fe nfo d embodiment, the igper end portion 18BS of the tn^ 

IB atotted, pertoated, or othereiae modfSed to eatdi or 

1305 when ft completae flie egtniaum of tubular -member 1810. In a pref e ti e d 

embodiment, the length of the tubular twt**^^ 1810 ia limited to the 

poseibiliCyofboeklii:^ For la^pieal tubular member ISlOnuteriala^tl^ 
15 thetubularmaia>erlS10iaprefiBrBb^lhnitadtobe^^ 

in length. 

The ahoe 1815 ia ooopled to tim tubular member ISIO. Hie shoe 1315 
preferably includea fluM paaaagea 1330 and 1885. The ahoe 1315 may compriae 
ax^ number of oonmnti[mal ommierdaQy anrai^ 
20 Signer Bed n float rim^ Super Seal n D own Jot float Aoe or guide 
aealmg aleeve fi»r o latdHiown piog modified in aeco^ 

the present diadoBure. In a prefiarrod embodiment, the ahoe 1315 oosqxrises an 
aluminum down»j^ guide shoe witha aealingdaeve ftralatdHlowniflug available 
irota Halliburton Energy Servicee in Dallas, TX, modified in aceordazx» with the 

25 teachinffiof thepgttflBPt riiiirlnaim ^ fai fmiar tonptim^T^g^t^ ft^tlllmla r "^^^^^ 
1310 into the wellbore 1200» optimallty fluidi^ iadlata the inteiior of the tubular 
member 1810» and optimal^ pennit the con^dete driUout <tf the fHoi? 1316 upon 
the completion of the eztnudon and cementing (^>erations. 
In apn^hnedembodimoit, tbedioe 1815fivtiMri^^ 

30 -^-fTrtfr in fhlitirrmmninriratinn irifli thn fliiirt pninapi Iflffff Tn ^^^•^^^r^ 
thedmelSlSprafiBrd^yiiqeetahaidendUeffa^^ 

otttaidetheahoelSlffandtubttlarmemberlSlO. bftpie&nedembodhnaitptfae 
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shoe 1316 iB ffh td m the fluid passage 1330 having an inkt gBomataty that can 
zeoaive a fhiidie sealing number, bi this nannar, the fluid passage 1330 can be 
sealed off faj introducing a plug, dart and/or baU seal^ 
passage 1330. 

6 The ihnd passage 1320 peiinitsflnidic materials to be traofl!^^ 
&om the interior region of the tubular member 1810 betow the eagiandable 
mandrel 1805. TbB fluid passage 1820 is oonpied to and positioned irithin the 
siqiport member 1846 and UidexpaDdd>lemandxd 1305. The fluid passage 1820 
praferab^ cactenda fimn aposltion a^^acent to the surfiaoe to the bottom of the 

10 espandeblemandrdlSOS. The fluid passa^ 1320 is lane&zablly poeitia^ 
acenteilineaftbeilVwatuslSOO. The fluid passsgs 1320 is prefiBxabfy selected 
to transport materiak such as cement^ dxilUng mud, or qpoxies at flow rates ^ 
pzosumrangrngfrom about 0 to 3,0(X) gallraa^m^ 

to c^stunally provide suifident operating pressures to circulate fluids at 
16 operatkmaUy efficient rates. 

The fluid passage 1330 permits fluidic materials to be trazisported to and 

from the legion exterior to the tabular member 1310 and Theiluid 
passage 1330 ia coupled to and positioned within the shoe 1315 in fluSdie 
l y^TytmiwiSrfttirm «th tha jntariflT fepou 1370 of the tubular member 1310 below 

20 the espandaUemandtel 1805. The fluid passage 1830 prefereb^ haa a ooss- 
seettonal shi^e that permits a pbig, or other nmilBr de^^ 
pirtmp i 1,^^ toihgw^blfiAibrtfaerpasaayeoffliiidicinnt^ XntlasmannAr, 
the inteiior repon 1370 of the tubular member 1810 below the eqwndable 
mandrel 1306 can be flhiidii^ isolated from the region exterior to the tubular 

26 member 1310. This permits the interior regum 1870 oftbe tubular member 1310 
bdow the expandable mandrel 1806 to be jgessnriged. The fluid passage 1330 is 
preferably positioned substantially akmg the oenteriine o^ 

The fluid passage 1380 is preferably selected to convey materials such as 
cement, dxiUing mcud or epozies at flow rates and pressures ranging 

30 to 8,W?0 pHrmi^ timtp mnA o to Q,OOQ p«i in ordgr to optimally fill the annular 
T^ionbetweenthe tubular monbcr 1810 and tlienew section 1230 of the weDbor^ 
1200 with fluidic materials. In a preferred ranbodiment, the fluid paasage 1330 
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includes an inlet geozoetiy tb&t can receii^ a dart and/or a ball sealing member. 
In this manner, the flnidpaasage 1330 ean be aealed off ^ 
and/or ball aealmg dements into the fhad passagg 1320> 

The fhiidpaasagB 1335 permitaflttidkmateriab tote 
5 from ttiezegion exterior to the tabular Thefluid 
paaaage 13S6 is coupled to and pomtionad within the shoe 1316 in fluidic 
commnni c a tiop with the fluid paaaga 1330. Thaflaidpa8BBgel335iaprdbrab]^ 
positioned subetantial^jr al^ ^le fluid 

paasagiB 13SS b pref ecd^f aelected to eon^ Biatetiab 
10 nnid or epoiieB at flow rates and pi e aiuiea lanpnr from about 0 to d»000 
gallonateiinite and 0 to 9,000 pd in order to optinal|7 fin the annular region 
between the tubular member 1310 and the new section 1280 of the weQb^ 
with fluidic materials. 

The aeab 1340 are eoupled to and supported by the \q9er end portto 
15 of the tubular member 1310. The seals 1340 are ftirtber poaitiotted on an outer 
6urGu!eoftfieuppereiidportionl355ofthetuini]armemberl310. Thesealsl340 
pennit the overi8pi»ngjaint between the lower end porto 
the iipper portion 1355 ofthe tubular membo* 1310 to be ihsidict^ The 
seals 1340 may etsmpna^ aiy nmnbar af flmwrtinMl itmtwwuiw *!^!^ y ^naliU f i f 

20 such a^ibrcaaoaida^leaa, rubber. lUoQ. or 4^ 

with the teaflhmgH of flie present diseiosnra. bapreOcxedemhodimflnt^iheaeals 

1340 eon^rise seala molded bom Btrstaloek epo^r aTsilable from Halliburton 

Energy Services in DaDaSiTK in onier to optimal^ 

annuhisoftheoverkqipingjointwhilealsocmt^ 
26 to withstand topical tensile and cempxtssife loads. 

In a prefixed embodiment, the seals 1340 are sdectad to 

asufSdcnt frictionalfiHTe tomiyirt t>M» mrjimf^At^ tnKi%ki^^oT,»^ laip frpm ftft 

existing easing 1215. Inapreferredembodiment, thefrictionalfoTOprovidedlv 
the seala 1340 ranges from about 1,000 to 1,000,000 Ibf in order to qptimaDy 
SO siqqpiorttiie expanded tubular member 1310. 

The support mmber 1346 ia ooiqded to the eoqwidable mandrel 1305, 
tubular member 1310» shoe 1316^ and seala 1340. The siq>port member 1345 
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prefershty comptises od aumular m ember having soSBcient strength to cany the 
appamtos 1300 into the new section 12S0 of the we^^ Inaprrferxed 
eanbodiment, the AQsportnieinbcKr 1345 inz^^ 

^»PiiWw fTintilhiidTttted^tn bftlp atabflae the tubolar member 1310, 
6 Inapreferi^ embodiment, the 8i49)ortnia^ 
priortoanemb^to tliexemainingportionBof tte In this 

lUa m ir^'^''^ the poeaihiliSy of fimdgn material dogging the various flow 
passages and yalvM of the qparatiu 1300 and to ensuze tfaaA no 
10 interferes with the eipensionprooBBB. 

The wiper phig ISSO is ootqded to the mandrel 1305 within the intedor 
region 1370 ofthe tabular member 1310. Tlie wiper 1350 indndes a fluid 
paattge 1375 that is ooiqded to the fluid passage 1320. The w^phxg 1360 may 
conquifle one or more oonveiitional eommerdaUy available wiper plugs audi as. fbr 
15 example, Muh^ Stage Cementcrlatdi-downpluBB,Omflgak 

tbree«wq)er lotdi-down phig Ty^n^jfwMi in aooordance with the t eHchln g a of the 
present disdosure. In a preferred embodiment, the wiper jdug 1360 compriaaa a 
Multiple Stage Gemonter latd»-dGwn plug available from Halliburton Energy 
Services in Dallas* TX modified in a conventional manner for rdeasable 
20 attadmienttotbe«qMDDsioninandidl305. 

In a iveferted enOiodiment. btfm or after poii^^ 
within the new aedion 1230 of the wdlbare l200,aooupleofwelIboteTOhime8are 
dreukted in order to enmre that no ibrdgn ma teri sls are loeated within the 
wellbore 1200 that mi^t dog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 
estmsion process^ 

As ilhistrated inFlg. 11c, ah&rdenabtefhiidie Beahngmsl^^ 
pumped from a surboelocBjtion into the ftoid passage 1320. The material 1380 
then passes from ibs fluid passage 1320, thnw^ the fluid passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 bdow the eaqpendable 
mandrdl305. The material 1380 then paasesfromt^iotexforregiimlSTOint^ 
the fluid passage 1330. The material 1380 then exits Oe apparatus 1800 via the 
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fluid passage 1336 and IKDs the amuilar zoigim 
tolmlar sMmber IS 10 and tiie inte^ 
1200. Ckmtinued punsiingofaiemater^ 
at least aportum of tli0 ammlar r^ion 1390. 
5 Hie znatecial 1380 11U17 be pusoped into tba anzinlar region 1390 at 
ITOssopes and flow rates iqagiiig;temn^ 

1,500 gnll o mrtnhi p Tei^)ec tiv e^y. In a preferred embodinieiit^ the material 1380 is 
piini|jed ixito the aiuttslar regicm 1390 at pressiire^ 
about 0 to 5000 psi and 0 to 1^600 gallonaAoin, reflpectzv^ 
10 fintheannularxegtoa betv f Oiin thataJni^ 

of thfl weUhoTB 1200 with thti hurAmahlft fUM\t^ mtMm^nfi^mw^n} 1380. 

Thm hmriimtMA flniiiie muMng matorinl 1 uruy Artmprtop tnyj j P Vt ff 

oonveniionalconmMittiaDyavailablplign^ 

for example^ slag mix, cement or epooy. In a preferred embodiment, the 
15 hardenahle fiuidic sealing material 1380 comprises blended cements Hpgigryxi 
specifically for the well sectianbdng drilled andavailflbl^ 
Serviceajn order tooptiinal|yprovide8iq)portfor the 

diqdaoaoient of the material 1380 in the annular regiim 1390. The optinmm blend 
20 Hie annular region 1390 pteMblj is filled with the material 1380 in 

MilB<iUn». qw^wfi^laff mnantMk fliaf^ ypfH *flBal ■^pfw^yny* ^fte fcnKti la y mttmS^ 

mo, the annular ragiim 1390 Of the new aection 1230 of the wellb^ 
filled with material 1380. 

As ilhistrated in Fig. lid, once the amuilarngian 1890 has been adequately 
25 filled with material 1380, a w^>er dart 1395, or other similar devi^ 

into the fiuidpassage 1320. Ilmwiperdari 1895 isprefierabbrpumpedthrou^ the 
flu&l passage 1320 I^anonhardenabtefhxidkmaterial 1381. The W4>er dart 1395 
than imferably ttgagea the wq)er phig 1350. 

As illustzatad in Fig. lie, in & preferred embodiment, engagement of the 
30 wq)erdartl395wiOithewiperidugl3S0cauae8&ewqi^ 

fimmthemandreilSOS. The wiper dart 1395 andwqserphig 1350 then prefarab^ 
wiU lodge in the ihiid passage 1830, tharriiyblocldng fluid fl^ 



passage 1330» and Oxd&ij Ifinlating tbe intaEiar regioQ 1370 of the tubular 
member 1310 fioa the ouiularxegioa 1390. In a preferred eixAodanent, the mm 
baidenable fiuidic matexiai 1381 is then pumped into the interior T^foax 1370 
causing the interior region 1370 to pressarize. Onoa the intnior region 1370 

5 bmyi"?P tiffinumt ^ prwmmgfd^ tV fai^ntay meinhep 1310 is ertnided off rfthe 
ejqnndal^mandxellSOS. Daring the extrusion proeesB. the expandable inandrel 
1305 is raised out of tbe expanded portkm of the tubular mea^ 
support member 1345. 

The wiper dart 1395 is preferablly placed into the fluid passage 1320 by 

10 intro^gfa^g ^ dflrt 139S into the fluid pasaase 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may canqsrise any number of 
conventionaloommoTially airailable devk»fromid^ 
for example, Mult^ Stage Cementer latchrdown idugs, Oxnegaktch-^^ 
or three wyerlatdi-dowp phig^dart modified in aax>rdance with the 

15 the presnt disclosure. Ina^e£erredenibodinient, tbe wiper dart 1395 oon^^^ 
a three wiper latdb-down plug modified to latch and seal in the MuUM^ Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
fhmi Halliburton Energy Services in Dallas, TX. 

After Uo^ing tbe ftaiid passage ISSO uong the w^ ph« 

20 dart 1895, the non hardenable fhtidie material 1381 megr be pumped into the 
interior region 1870 at pressures and flow rates tanging; far exanqde» from 
s^iproximatdty 0 to 6000 psi and 0 to 1^ gaDonaMa in order to opthnaQy 
extnidethetubniarmember 1310 off of the mandrel 1305. In this manner, the 
amount of hardensble fluidic material within the interior of the tabular member 

25 ISlOisminhnised 

In a preferred embodunent, aflsr blocking the fluid passage 1 330, the ^ 

hardenable fluidic material 1381 is preferably pumped into tbe interiw re^on 
1370 at pressures and flow rates raiiging frmi appnndnUKtdy 
40 to 3,000 galkma/min in order to opttmaQy provide operaftitig pressures to 
30 '■^•^wif^^wi tytm pgrpamdm preceea at rates suflBeient to netmit adjusbuenta to be 
wiiiiiifc ^Tt wpiOTting pHinTTipfcRrs during the extrusion prooess. 
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For topical tnbukr members ISlO^theextnsioiiof the tubular member 
1310 off of the expandable mandrel 1305 will begin wbea the pressmre of the 
interior regloQ 1370 leachflfi, for ezample»q]i^^ Ina 
pr e f erred emb odi ment, the extrosioa of the tubular member 1310 off of the 
5 fMiwmdflhh mandrel 1305 is a ftmetioa of the tubular member diameter^ wall 
thiekneae of the tubular meuiber, geomotiy of the mandrel, the type of h^^ 
the oonipoaitton of the shoe and tubular member, and the 
tabular member, Ibeoptinmm flow r»be and operating preasuies are 
determined uiing' conventional *iwi pi r f w|f |t^i4V>5tff , 

10 Duringtfaeeitrorioppn)c»tfaBegnimitohlfti^^ 

out oftheeaqpended portion ofthe tubular number 1310 tar 
example , from about 0 to Sft/we. Inapreferred embodiment, duringtheeatrusion 
pnioesa, the eaqsandable mandrel 1305 mflif be rataed out of tto 
of tiie tubular member L310 at rates ranging fircon about 0 to 2 fVaec in Older to 

16 optimalfy pfpyide an efficient ];arooes8, optim^ 

operation parameters, and ensure optimal completion of the extrusion process 
beforecuringof the material 1380. 

When the iqpper end portion 1355 of tiw tidralar 
off of the expandable mandr^ 1805, the outer surftee of die upper end portion 

20 ISSSofthetubularmembermOwiUpreteahlyomi^ 

lowerendportHmoftheeasingmstofimnanfiuidti^ovcrla^^ Tlia 
contact pressure of the oveiiiqqping joint may range, for *»«i»«pii* ftom 
approximately 50 to 20,000 psL In aptefinmdonbodunent, the contact pressure 
of the overliving joint ranges from q]proxfanate|y 4^ 

25 optimaUyprovidecontactprcssnresuflidenttD ensure annular sea 

enou^ refldstance to withstand ^rpical tanaile and oonqxesstTO loa^ Xn a 
particuiarfy preferred emhodimmt, the aealing monbm 1340 will ensure an 
adequate fhiidic and gaseous seal in the overiiqpping joint. 

In a preferred embodiment, the o pnr af ing preasure and flow rate of the non 

30 har denaMefh rid irm a t e ri allSSliacontnJlah^nmqiedd^ 

mandrel 1905 reaches the upper end portion 1855 of the tubular mento 

In thk manner, the sudden release of prsssurecanaed bj the complete extras^ 
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of the f j b"^<>y member 1310 off of the expandable mandr^ 1305 canbemxnnnizedL 

hsear fashion from 100% to abcmt 10% during the end (tf the exbusion process 
beginning when the mandrel 1305 has completed ajyprfnrimatftly all but aboot 5 
5 feet oftlieeKtruaon process. 

member 1345 in order to absorb the shock caused by the sodden, release of 
pressure. 

Altemativelyi or in combination, a mandrd eatdiingBtructaxe is provided 
10 in the upper eiklportioii 1856 ofthe tubular member 1310 m 
least deoderate ihe mandrel 1306. 

Once the extnision process is oompletad, the eipandable mandrd 1306 is 
temovedfrom the iveUbore 1200. InaprefierrQdembodimait,ettberb6fimorafter 
theremovalaf the expandable mandrel 1305, the integrity of the fhiidk 
15 averl^ingjomtbefcweenthei^iperportionl355ofthetubu^ 

the lower portion of the casing 1215 is tested using conventional methods. Iftbe 
nuidic seal of the overUq>I»aag joint between the upper pa 
member 1310 and the bwer portion of the canng 1215 U aatisEutoiy, then the 
uneuzed pc»tion of the material 1380 within the a^psnded tubular mmber 1310 
20 isthenrcmovedinaoonventioDalmamier. Hie material 1380 within the annular 
legion 1390 is then allowed to cure. 

As Qhistrated in Fig. llf, preferably bdj remaining cured material. 1380 
withfai the interior of the «»»r*"«^«^ tubular member 1310 ia then removed hi a 
convoitionalmannerusingaconventionaldxillstzing. Uie resulting new section 
25 ftf fflimg 1 A«>inifed^ the grpanded tubular member 1310 and an outer annular 
Istyer 1405 of cured material 305. The bottom portion of the apparatus 1300 
oanqniangthe due ISlSmjythenbeTemovedbor drilling 
conventional drilling methods. 

A method of ereatii^ a caang in a borehole located in a subterranean 
30 formation haabeen described that inctadesirtBtallingatubnlarlii^ 

in the borehole. Abody oflhudicmaterialisthmiiQectedintotheborehf^ The 
tnlmlnr Kncr iff thftu reilially f^Y^^^ ly j^rtmHing the liner off of the mandreL 



Htfe il^|Bgtmg prrfgPwMy iTW^Iligl^ mjmMmg a Koyilyf^^^li^ lhiMi> ff<*fflm^ *"'>Wifll 

into an axmnlar region located between the bordiole and the exterior of the 
tulnilar linen and a son haxdenaUe flnidk 

tubular liner below the mandreL Tba method prefenb^ indodes fluidic^ 
5 taoleting the anncdorngkm from Oeinterkriegto 
qoanti^ of the nan hardeoaUeBBaliiv material into 1^ The 
injecting the hardeoaUe fluidic aeafisg material ia praferabbr provided at 
operating presages and flow rateexangiDg from aboatOto6D^ 
gaOonaAain. The izQectmgortfae nonhardenablefhildkmaterU 
10 provided at o pfTatriyproMmea and flow rates rangingftomab^ 

and 40 to 3,000 gaBiin Vmfn IliefaQectiiigoftenonhafdeQablefhiidkniaterial 
iapreferabty provided at mhiced operating presggres a 

portion of the ezttuding. The nan hanTiriable fluidic material ia preforabfy 
iiqectedbalowthemandreL Themethodpreforabfy^ziidadeaprentuiri&gare^ 
15 ofthe tubular finer bdow the mandreL Tba region of the tubular Imer below the 
mandrel ia pve&rab^preasarued to inessDrearan^ngihnn about ^ 
The nirthod preferably faphidwiflnidichriaQla^ 

liner flrom an exterior reglMiaftfae tubular Imer. Thenurihodfiirtherpireferabfy 
indudea curing the hardenaUe aeaUng material, and zeni^^ 
20 of the cured ijeatin g m a t e ri al located within the tubular ttier. The method ftnther 
prBfarab<yinchideao v griappipg the tubular ling 

The method ftirther praferabhr jndudea aaaling^ warigp hetmen ^hm fanW^^i^ 
liner and the existing wellbore casing. The method fhrtfaer praferab^ huJudes 
supporting the extruded tubular liner using the overlap with the existing wellborn 

25 casing. The method ftartber preferably Includes testing the hit^ty of the a^ 
the ovOTiap between the tubular liner and the eodsting wellbora casing. The 
method lUrther praftrab^y faidudea removing at least a por^ 
fhiidicsealingmaterial within the tubular finer brfow The method ffarther 

paafarab^y indudes Inhrirat i n g the surface of the mandrel The method fkirther 

30 prefierab^ Indudes absoriung shock, llie method flirther preferably indudes 
eatchhig the mandrd upon the completion of extrudmg: 



Azi ^iporattts fixr creatiDg a easio^ m a boreiK)le 
Ibrmation has bera deacxibed that mchidcs a support member, a mandidi, a 
tubular member, and a d»e. The support member inehides a first fluid passage. 
The mandrd IB cQfiayladte the support member and incbidwaaett 

5 ThetnbukrmemberisooupIedtothemaBdreL Thesboeisooi^^ 
liner and indudea a thhdfhiid passage. The first, second and third fluid passages 
areoperablycoupled. The support member preferably fiirther Inchides a pressure 
relief passage, and a flow control valve €OCQ>led to the first fluid passage and the 
pressure relief passage. The support tnembw' further preferabtyinclu de a a shock 

10 absaai)er. ThesiQsportmessberprefisrab 

fffiipto^ tn jirtmtmt fftwrign matgrial firon mitiffing an interior regkm of the tobolar 
member. The mandrel is preferably rrpandahle- n^e tubular membor is 
preferably fU^ricated firom materiab selected fiiom the gn 
Country Tubular Goods, 13 chromium steel tubing/rasing, and plastic casing. The 

15 tubular member preferably has inner and outer diam eters rangiiig from about 8 
to 15.5 inchsa and 3.6 to 16 indiea. respectively. Tte tubular member pre&ndbUy 
has a plastic yield point rangb^firom about 40,000 to 136»O00p8L The tubular 
r t^tnpht kT pwd«pahly inchideg one or more sealing members at an end portion. The 
^nKnUr finmhiir pFBfagghiy inghideB one m more nreasQge relief holes at an end 

20 portioii* The tubular liiemfaerpBBferabjyindudes a catching membgrt 

portaou&rsbiwingdown the mandrel. The shoe preferably indudea an inkt port 
coupled to the tbixii fluid passage, the intat port adapted to receive a phig for 
blocking the inlet port. The ahoe prefmbly is drillable. 

A method of jolniiig a second tubular member to a first tubular member, the 

25 first tubular member having an inner diamettf greater than an outer diameter of 
the second tabular member, has been described that indodes positioiiing a 
mandrel wiftin an interior r^ion of the seooml tubular member, positioniDg the 
first and second tubular members in an overlapping r elatio ns hip , press nririn g a 
portion of tl» interior r^ion of the aecond tubular member, and extruding the 
30 secoxid tubular member ofit of the maxidrd into engagement vrithth^ 

meniber. The pressurizing of the portion of the mterior xegbn of the seooixd 
hiiniifty mmhftr in pwefarah^ proirfded at operatinf preasures ramaag from sboot 
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600 to 9,000 psL TbB pgpfwnriring of the portoi of the interior gcgion of the 
aeeond tubolar menibor is pnttonbly provided at rednoed operating pressures 
dnixiz^g a latt^poitkm of the extruding. lliem^hDdAirtherprefierabfymcliides 
sealixig the overlap between tiK first and second tnlral^ The method 

5 fiirtherprrierabbr inchTdes s up p ortin g the c»t^ 
the overlap with the second tubolar znoaober. The ine&od fitrther preferably 
incbdaahihricatingthaaorfitteofttiainaiidreL The method itarthcrptefetttbly 
indndea absorbing shock. 

Aliner faruseincxeatiDganewsectiasiof welQxne casing inasoliterranean 
10 fortnatiim a4jaoent to an ahiesd^ existing section of wrilbore csaing has bee& 
described that zDcfaides an amndar member. Hissnmiiarmemberindudesoneor 
mareflealingineinbeMatangiMlpm-tw^ rif thwyiiyw^jf^menAiq'^mdffMormore 
pressuro xdiefpssssges at an end portion of the annular xnember. 
A wem)ore casing has been described that izichidee a tubiila^ 
15 anmlla^bod^yofacuredf!^1idiesw^1i^lgTnl^terfsl, ThetobularaneriBfininedhythe 
process of intniding the tubular Imar off of a mandreL The tabular liner is 
prefisreh^ &imed by the process of pihwing the tubular 
the «eQbo»i and prassoiizh^r an interior portkm of the tubular Hnw. The 
aimular bo^r of the cored flnidie soalmg material is preferab^ formed i^ the 
20 process ofmisctfag a body of hanisnsMafhildiBMali^ 

region eKtemal the tubular Imer. DoiingthepraBarismg; the interior portion 
of the tobvlar liner ia preGsrab^ floidic^ isolated finom an exte^^ 
tubttlarliner. Tbemtarxorportianofthe tubular liner is preftoab^press^ 
to pressuzes ran^u3g firom about 500 to 9,000 psL The tubular liner preferabfy 
25 overl^withanesdatingwellborecasfaig; ThewdlboreGBsingpreferabfyftirthear 
inchidesaBealpoaittenedmtheoveriBDhrhw>iiniwtnhnlgrlm«><^ 
wdlbore casing. Tubular liner is proferabty a uppoited the overlap with the 

A method of rqiairing an existaig section of a wdlbore caai^ 
SO borehola hasheen deaerihed thMtli>rfiiAMiti»«hi1Kf gM 'S^^ff *t% ^ i Tt»ot%^l 

within timwenborecHalmr.ftiirftinyabe^flfal^^ 

pre swxriring a portion of an interior v^gioa of the tubular BneTp and xadial^ 
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irr,pftTirfiTip th<» Wr in thfl horeholfl bv extrodin^ the linaroff of tba mandreL In 
ft prpfriTPf^ ^M^P"^ flnMiematetiatisaelaetedftpin the group coDgistipg 
of ^BTiTT, cementi driUmg mud, and €p(i^r. In a preferred esnbodixDeiitt the 
ixwthod further inchidmfhiididy isolate 
5 from an ezteior ra^an of the tabular Uner. In a pref e r re d emhoriimffnt^ the 
iigectingofteboiitjofihiidieBiatoialiapi^^ 

raUe xanging torn about 500 to 9.000 psi and 40 to 3»000 gallonaMn. In a 

ptetoed onbodiment^ tba fageeting of the bo4rof fhii^ 

TOh M Td u]M ii ati ngpi fiM ii n^B nnf l flmrmlrnifaTtng'nn rndporKminfthnnTtriiTiinff 

10 ai a prtifcrmP r"i^<wMw*t ^ fhiMfe material ia infected below the mandreL In 
a preferred embodiment^ a xegkm of the tubular Uner below the mandrel is 
preaauxiaed. Inapre&rtedembodinwnt,ther^kmofthetabu}arIinflrbeW 
mandrel is preasorited to pressures ranging firom about 500 t^ In a 

prftfrm>^ ^>virittnmit ^ thft tnethfldfiirther inchidea oTOjappfagthe tubular liner 

16 with th** »^«H^g ™llWft ftftgmg. In a preferred embodimen t , the method ftirthgr 
indudes sealing the interface between the tubular liner and t^ 
caaing. Inapi^erredembodiment^themethodflirtherinchidessuppo^ 
eictruded tubular liner using the existing wdlbore easing. In a preferred 
embodiment, the method itoiher inch^ 

20 intarftee between the tubular Uner and the easting wdDxnre casing- In a 
praferred rmhodimmt. method ftirtfaer indndes hibricatmg flie surface of the 
mandreL In n prffrrr^ «wi.K.^i,f»t, tfm miitfaod ftother includes abaorfaipg 
shock. In a preferred wnbndimmt, the method fturther indudes catching the 
mandrel upon the completion of the extruding. Jn a preferred embodiment^ the 

26 method further iziclndea expanding the mandrel in a radial direction 

A tiM tf f V ^"^ lining gp aiiating wellbofe cagng haa been described 
that indudea a tubular liner and an annular boif of a cured Ouidic aealing 
materiaL ThetubularhnerisforniedbytheprocBaBofextrudmgthetub^ 
offofamandrtL Tte annular body of a cured fiuidic sealing maimal is coi^ded 
30 tothetubularliner. Inapre£OTedembod]mect»thetabularh^ 

process of pi<>*<^g the tubular liner and mandrel within the wdlbore, and 
piessoriring an intoiorporticmofthe tubular liner. Inaprafenedembodiment^ 
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firom an exterior poKtiQii of the tubo^ Is a pnSszzed embodiment^ the 
interior portnn of the tubular li&eriipree^^ 

500to9,000psL Inaprefenedcmbodinent^thBannolarbodyofacux^ 
5 seaUngniatexialisibnnedbytheproceflBofiQjee^ 
sealing material into an ammlarregkm between the ez^^ 
the tubolar B])er* In a prgfened mhoftimftnt, the tubular liner overly with 
anoth^ eadating weOboie caeiDg. In a preferred rnnbodiment, the tie^back liner 
further xnclodea a seal podtiDnfid in the overiapb 
10 other exiating wdlbore caaing. In a preferred wml mrfi maii t ^ tubular liner is 
8iqnKn1;ed the omxkp with the other eiisting 

An qjparataa fiir egpanding a tubular monber baa been deacribed that 
indudea a anpport metnber, a niandrel» a tnbutar member, and a shoe. Tbt 
support member indudes a firrt fluid passage. The mandrel is coupled to the 
15 support membo'. lite mandbKdiududes a second fluid paaaageoperablyc^ 
to the first fluid passage, an interior poiikm, and an extoio^ The interior 

portionoftbemandzelisdrillable. The tubular xneoiiber la coupled to the mandrd. 
The shoe is coi^led to the tubular member. The shoe includes a third fluid 
passage operahtycoi^^ to the seomd fluid passage, an interior porti^ 
20 exterior portion. The interim^ portion of the dvieiadzillahle. PraferaUif , the 
interior portion of the mandrd ioehtdea a tubular member aid 
member. Preferably, the load bearing member /vwHpriflfB a driUable body. 
Preferably, the interior portion of the shoe indodeea tubular member, and a load 
bearingmember. Preferab]y»theloadbearixign:«mberoampziseBadTillahlebo4y. 
Preferably, the exterior portion of the mandrd compriaes an expanaion cone. 
Preferab^,theeipanaian cone is fabricated fhmimateriaTfta^ 
c onirfs t ing of todated^ tita ninm, and ceramicL Freferab^^ the expanaion cone has 
aauxfteehardne88za0gingi^about5Bto62Bodcwdia PreferabltyBtleasta 
portion of tiia appatatuB ia dsillahle. 

Altfaoni^ iUnateatbe emhodimentw of the inventiep hmm htm ffhff" y nd 
described, a wide range of modifimHnn, rhangim and aobatttctian ia contemplated 
in the fincgmig diadoanre. In aome inafaneea, aome featum of the foeaent 



mmnHea xnay be euqidqyed wiilunit a comMi xi a dh Bg lua of the other festuzes. 

Aonidiii^. it ie appnypriate that ^ 

in % in fti%«^ <™ja«ignt with thft ecopa of the invgnticm. 



Claims 



11. A metliod of aeatiDg a casiiig in a boiefaole located in a subterxanean 

2 fizmiationy oonqniaing: 



3 inwtaffing a tubnlar liner and a mandrel in the bofdiote; 

4 iiuectingfhiidic material into the bore^^ 

5 pTRflmirirmg a ixation of an interior region of thfe faAnbiy 1 wi>n^ 

6 zadial^ eg panding at least a portion of the liner in the botefaola fay 

7 eztrodiiig at least a portion affile UnerofTof the mandreL 

12. A method of oeatiQg a eaaiag hi • bocdiole located hi a aecfion of a 
2 subterranean formatirm, the bordude having an already existing i^aaftig 

i drilihig oat a xievr section of the borehdfr adjacent to tte^ 

6 caring; 

6 placing A faihnlAr limir m ■>»jMi»yfffMi' wMWMirftl fntft thff Tiffw apdiop ef 

7 the borehole; 

8 overiaiimig the tubnlar Img with tf^ 

9 ii^edang a hardenable floidie aealing material into an anmxlar region 

10 between the tobnhfflbier and the new aaction of tiiebcffehale; 

11 ihiidicbr iaolatln gtbe annular regtonbetwem the tubular li^ 

12 section of the bordu^fttmi an interkirxeg^ of the tubular liner 
18 below the mandrd; 

14 ix^ectinganonhardenabteihxidienEUKtarialint^ 

15 tubular liner below the mandrel; 

16 Bgtmding the tnhnlar Hnar iiir #:>n> tfnf p>Tti^n ^y)^i^ ^ n twirftl; 

17 sealing flie omrlqi between the tobalar User and the abeadly ^ Trf ff^ g 

18 '^mnci 

18 si^^jpoorting the tubular bner with the (mtiap with the ahea^jr existing 

20 casing; 

21 ru&ovingtiie mandrel ftom the borehole; 



t^Ti^ t.in> intPgriiy nf the aeal of thft cweriap between the tubular liner and 

the abeadly easting casiaig; 
removing at least m portion of the harriffnahte fluidic aealingmatcriai firom 

the interior <tf the tubular liner; 
curing ttie remaining portions of the floidic faatdenable fluidic sealing 

materia^ and 
xemoving at least aportioa of the med floidic bai^ 

^MTxthin the tubular Un^. 

An appaiatos for expanding a tubular member, ccaninri 

a support member, the BiQiport meniber including a fl^ 

a mandrel coi^>led to the support member^ the mandrel indttdinp 

a seomd fluid passage; 
a tubular member oonided to the mandrel; and 
a shoe coiq>led to the tubular liner, the shoe inchidingathii^ 
wberrin tte first, second and third fhiid passages are qperab^ coi^^ 

An lOTaratna for expanding a tubular member, conyrishag: 
a support member, the support member including: 

a first fluid pessege; 

a aeeosd fluid paaeaga; and 

aflow control valve coupled to the fiiBi and second fluid passages; 
an expandable mandrel cocqiled to tbe support member, the expandable 
xnandrel inriiiiUng a third fluid passage coupled to the first fluid 
passage; 

a tulnilar member coupled to the xnandrd, the tubular mend>cr 1^ 

one <nr more Beahng dements; 
a dioe coupled to the tubular member, the ahoe i n duding: 

a fourth fluid passage coupled to the tUrd fluid passage, tbe finirih 

fhnd panage adlVt^ to recdve a stop meoiber; and 
oneormoreeduaistpasssgeaeov^toihefboftfaflu^ 
iqjeetmg fluidic material outside of the dioa; a^ 
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IB at kast one Bealin^ member eotqded to the aupp or t member, the aeaHng 

17 memb&adqrted to prevent the entiy of foielgame^ 

18 interior re^OQ of tbetobdar member. 

1 6« AmethodrfjoiningaaeoQndtidmlarmmber 

2 firet tobuler member having an Inngr ifiOTti^ i^ graatgr tlmn nn mtor <itflnu> fj»r 
S the BBOond tnboiar mrnnWy oompriaing: 

4 poe itionin g e mandrel within an interior region of the eeeond tabular 

5 member^ 

6 pgee m irirnyaportionoftheintirior region of t ha wed 

7 and 

8 ertruding the aec(Hid tubular manber <^Qf tfaa mandrrf faifa> <mp>^«ni^t 

9 with the fintt tubular member. 

1 6. A tabular liner»comiirising: 

2 an aitnnlftr fnttiliatp^ fha "^nTJtir «mww 1 mi» iiiWIin^iiny 

3 one or more sealing members at an end portion of the Atrmtiar 

4 membenand 

6 onecHrmorepareaaarareliefpassagesatanendportionof the annular 

6 member* 

17. A wellbore ^f^^ c ompri sing: 

2 a tubular liner, the tubular liner &naed by the pro^^ 

3 extruding the tubular liner off of a mandrel; and 

4 an annular body of e cured fiuidic sealing material coupled to the tubular 

5 Ihier. 

1 8. A tie-baA Unar ftir Hnin|r aneaMfaig wdlhowi garfiig^ t^irkjurimp 

2 a tubular liner, the tidndar liner Ibimed by the process^ 

8 grtrndiBy at leeat a pofrtjim rtfrtf faffc^ilfy ItniwP ^ftf a wfi ^^^ |> fl iril 

4 an annular bodty of acuredlhildk sealing material^ 

5 liner. 
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1 9. An igparatoibregimTifBTig a tubular mco^^ 

2 > i n ^ r P^^ Tiwmliw f inTfadi^g * first fluid paftfwga ; 

3 a mandrel coiqiled to the support member, the mandrd inrlnHing: 

4 a seocusdfhiid passage q>ez«blycoiqded to fh^ 

5 an interior portfon; and 

6 an exterior portion; 

7 ^yfiy rff in tK ff {titoriftf portion of the mandrel is drillabte; 
g an f Kpwr*<«w*. faiKnIftr iMmber coupled to the mandrel; and 

9 a §hw ooiqilfid to the tubular member, the shoe induding: 

10 a tUzdihnd passage c^eraUy coupled to the second fio^ 
n an interior portion; and 

12 an exterior portion; 

13 wlwem the interior portion ofthe shoe is drillabie. 



0 



.72- 




QflSce 



O 



INVESTOR IK nonJE 



AppUcatioaNd: 
CbiiDS searched: 



GB 9926449.1 
1-5.9 



Date of search: 



Ian Blackmore 
27Maicfa2000 



P^ts Act 1977 

Amnded Search Report unds Section 17 



UK Puent Office odlecciom, ind^^ 

UK a (Ed.R}: EIF FTT. FJU» PIA* B3P FEEB, PEQ 

lot a (Ed.7): E21B 17A)0. 29/00. 33/00* 33/(8, 33^04. 33/10. 33/14. 33/138. 43/10 
Otber Online: EFODOC, lAHO, WPI 



Documents considered to be rdevaat: 





Ueotity of document and rdevant passage 


Rckvinl 

to 


A 


GB 2329918 


(BAKER HUGHES INC.) see figures and page 3. 
line 29 10 p^ge 4, line 12 




A 


GB230S682 


(BAKER HUGHES INC.) seeiidviledociimeot. 
particniaiiy Qgurea 2&3 




A 


GB 2115860 


(HUGHES TOOL COMPANY) lee figure 1 B 




X 


WO 9800626 


(SHELL INT RESEARCH) see whole documentt 
particulaily figure 1 


1 


X 


USS348095 


(SHELL OIL CO 0 see whole documem 


1 



with oMcr note other 4eoi8Mals«f urn* am^. fi!lB(dtfi*f thUtevcatia*. 

B FMHI jutpiimjil frirf i i^ am of titer, but viik pnmiy dale cnlier 
a Member of Ik* wncpaMOtbaiiy clHi,eifiUBCtfiti«flbb^pbeAtiii». 



An Executive Ageocy of the Depirtmeat of Trede tad lodustry 




o 



Apjdkatlon No: 
ClaiiDS searched: 



GB 9926449J 
1-5.9 



Euniner: 
Date of search: 



Ian BladoDore 
27Mflxdi2000 



Patents Act 1977 

Search Report under Sectioii 17 

Databases searched: 

UKPtteot 0£Boe collections, mrlndint GB» EP, WO ftUSpstem spedficidoos, io: 
UKa(EiR): EIFETT.FJU.HJL B3P»EEB,PEQ 
• Im Cl (Ed.7): E21B 17/00, 29/00. 3m 33/03. 33/04, 33/10. 33/14. 33/138. 43/10 
Oflier: OnUne: EPODOC. JAMO. WM 



Documents coostdered tobe rekfvaitt: 





Uendt/ of document and reievant passage 


Relevam 
toehims 


A 


GB 2329918 


(BAKER HUGHES INC) see figures and page 3, 
line 29 10 page 4, thie 12 




A 


GB 2305682 


(BAKER HUGHES INC) see vdioie document, 
pankolaity figures 2 ft 3 




A 


GB 2115860 


(HUGHES TOOL COMPANY) see figme IB 




X 


US 5348095 


(SHELL OIL CO.) see whole docmneat 


I 



X Dx»«Bt imifiq<i>y Uct of ■OTtl^ « iM^tW i Hi y A Oqc«m isdNstiBC iBckaolofkii 

with other docnacait of (wciiifCiy. ftliitteof ttfismkB. 
a Mwnbwf the tint prtotf&nitr tti^thtfllhf <tte<faim»iiMtjoi. 



An Ekccutive Agency ofche Dcpaitmeni of Trade «nd Industry 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
docimients submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 
COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 
LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 





